DOCUMENT RESUME 

ED 341 450 JC 920 114 



AUTHOR 
TITLE 

INSTITUTION 



REPORT NO 
PUB DATE 
NOTE 

AVAILABLE FROM 



PUB TYPE 



EDRS PRICE 
DESCRIPTORS 



Gallon, Dennis P., Ed. 

Regaining the Edge in Urban Education: Mathematics 
and Sciences. 

American Association of Community and Junior 

Colleges, Washington, DC. Urban Corimunity Colleges 

Commission, 

ISBN-0-87117-221-6 

90 

65p. 

American Association of Community and Junior 
Colleges, One Dupont Circle, NW, Suite 410, 
Washington, DC 20036-1176 ($18.50). 
Collected Works - General (020) — Viewpoints 
(Opinion/Position Papers, Essays, etc) (120) 

MF01/PC03 Plus Postage. 

College Role; Community Colleges; Economic 
Development; ^Females; Futures (of Society); Job 
Skills; Labor Force Development; Mathematics 
Curriculum; ^Mathematics Education; Mathematics 
Instruction; ^Minority Groups: Role of Education; 
Science Curriculum; ^Science Ec'.ucation; Science 
Instruction; *Student Recruitment; Two Year Colleges; 
*Urban Education; Urban Teaching 



ABSTRACT 

In order to remain competitive in the world economy, 
the United States must develop and improve mathematics and science 
education. Given that the future workforce in this country will be 
comprised largely of women and minorities, groups traditionally not 
entering mathematics and science careers, special recruitment and 
retention efforts must be developed. Urban community colleges enroll 
the largest numbers of women and minorities and have a special role 
to play in these efforts. This collection of articles reviews the 
status of mathematics-science education, identifies barriers to 
greater enrollment among women and minorities, examines the growing 
demand for skilled workers, and prescribes steps to be taken by urban 
colleges to train a more technical workforce. Included are the 
following 10 articles: (1) "Implications of the Mathematics-Science 
Crisis on the U.S. Economy," by Dennis P. Gallon; (2) "Stadent 
Participation in Mathematics and Science Programs," by Stelle Feuers; 
(3) "Federal Government Support for Mathematics and Sciences," by 
Carl Polowczyk; (4) "Breaking Down Barriers for Women and Minorities 
in Mathematics and Sciences," by Dianne Halleck; (5) "The Urban 
Climate and Strategies for Intervention," by Tom Hooe; (6) 
"Mathematics and Science Crisis: Implications for Educational Leaders 
of Urban Community Colleges," by Wright L. Lassiter, Jr.; (7) 
"Mathematics-Science Professors in Community Colleges," by P. M. 
Commons; (8) "Mandate for Action," by Frank Cerrato; (9) "Needed: An 
Applied Academics Program," by Dale Parnell; and (10) "Selected 
Sources and Exemplary Practices in Mathematics and Sciences at 
Community Colleges," by James Holmberg. (PAA) 
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FOREWORD 



The global arena in which the United States must com- 
pete is changing drastically. As the 1990s unfolds, there 
is a growing recognition that the U.S. leadership posi- 
tion in the world marketplace is being challenged as 
a consequence of a weakened educated population in 

mathematics and science and a decline in spending on nondefense 
research and development. For the first time, the American work force 
is competing with workers from other countries who are more highly 
skilled and perhaps more committed to world dominance. 

Yet recent 5ocial, political, and economic changes around the world 
also provide the United States with new opportunities to excel in the 
global expansion. The question is no longer: *1s the U.S. the number 
one super power?** We are. Rather, the question is **Will the U.S. 
effectively use all its available assets to keep pace with our European 
and Asian competitors?'* The outcome of that competition will no 
doubt depend on how we handle the shortage of a well-fained work 
force in the 1990s. The short-term prognosis for the United States 
is a decline, not an improvement, in the quality of its work force. 
To reverse that trend, it is absolutely critical that this country im- 
mediately adopt a compiehensive blueprint for creating a national 
education agenda involving all education institutions, including the 
urban community college. 

The urban community college is the key to U.S. economic strategy 
because it is the postsecondary institution that attracts those individuals 
who will make up the largest segment of the future work force: women 
and minorities. Unfortunately, these groups have traditionally not 
entered mathematics and science careers. 

The Commission on Urban Community Colleges of the Ameri- 
can Association of Community and Junior Colleges understands the 



challenge—to match the workers of the future with the growing number 
of science- and mathematics-based jobs. This will be accomplished 
by strengtlicning mathematics and science offerings in the community 
college, and, more importantly, by stimulating an interest among inner- 
city students in math and science courses as their first step toward 
an exciting future. To remain a dominant voice in the world economy, 
the United States must solve its mathematics and science crisis. 

This monograph examines the status of mathematics-science edu- 
cation, identifying the barriers that have shut out women and minorities 
and underlining the coming demand for skilled workers. The mono- 
graph then goes a step further and prescribes what needs to be done 
in urban America to train a more technical work force. With swift, 
strong action, urban community colleges can keep the United States 
at the top in the world economy. 



'[^l Ronald J. Temple 

Commission Chair, 1989-90 
President 

Community College of Philadelphia, PA 





Nelvia M. Brady 
Commission Chair, 1990-91 
Chancellor 

City Colleges of Chicago, IL 
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PREFACE 



AS a nation, we are in a serious and uphill struggle 
to improve our ability to compete in the international 
economy. Clearly, the foundation of our competi- 
tiveness is our strength in science and technology— 

I 1 the ability to create new knowledge and apply it in 

new products. That ability depends on our human capital, our scien- 
tists, TT.nhematicians, and engineers. We cannot take either the quan- 
tity oi- quality of science and math personnel for granted. The 
nation's community, technical, and junior colleges, the largest arm 
of American higher education, will play a key role in meeting the 
challenge of strengthening the nation's mathematics and science per- 
sonnel pool. 

Studies seem to appear weekly pointing to a weakened math and 
science foundation. Fewer students are choosing to study science and 
math. The" American Council on Education found that from 1966 
to 198? college freshmen planning to major in biological sciences, engi- 
neering, physical sciences, and math fell from M to 14 percent. Al- 
though degrees in computer sciences are on the increase, baccalaureate 
degrees in math, science, physics, and biology arc declining. 

International comparisons give little consolation. The United States 
is graduating one-fifth as many engineers as the USSR. Japan, with 



half our population, graduated almost as many engineers as the United 
States. American H-year-olds score last in math performance when 
compared to students in many other countries. 

With their flexibility to develop instructional programs and their 
tics to local employment bases, community colleges can respond. Com- 
munity colleges have a proven record of innovation, especially in ad- 
dressing education deficits and motivating a diverse student population. 

As a nation, we must broaden our perspective beyond our bor- 
ders. In this increasingly competitive, technological, and international 
economy, the total education system must respond. Community col- 
leges will play-and must play-a critical role. The chapters by the 
authorities in this collection provide many thoughtful challenges to 
the total education system. 
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I. 

IMPLICATIONS OF THE 
MATHEMATICS-SCIENCE CRISIS 
ON THE U.S. ECONOMY 

Bv Dennis p. Gallon 

Awoiiaic Vice Prcsidc'U of InMruiim 
Florida Community College ai jacksom illv 



S' cicncc and technology are indispensable elements needed 
to assure the economic vitality of any nation. The United 
States has a long and respected tradition in science and 
technology; American scientists and engineers invented 
I I the technologies contributing the most to 20th century 

civilization. The telephone, the automobile, and the computer are 
just a few of America's technological inventions. Today, however, 
many concede that the United States has lost its competitive edge 
for innovation to Asia, particularly Japan, and to Europe. 

Evidence is indeed mounting that the United States is losing its 
ability to compete in one market after ancuher. For at least two decades, 
it has been apparent that the world leadership position in n\anufacturing 
once enjoyed by our nation has been on the decline. This country 
was the steel maker of the world after World War 11 and once dominated 
in auiomobile manufacturing. Today, however, the United States is just 
another competitor in the world market for automobiles. Occurrences 
of this nature are increasinsK' causing concern about our ability to re- 
spond to foreign competition that will lie with us into the 21st century. 

The fact that ue have a high standard of living should give us 
little satisfaction, since wc arc consuming more than we produce. The 
trade balance that existed prior to 1^)80 has not been restored. In 
less than 10 years, the U.S. position as the world's largest creditor 
shifted to the world's largest debtor. While some economists predict 
that the trade deficit will ease slightly in the coming years, the deficit 
will continue to increase and is predicted to reach an all-time high 
by the year 2000. These projections will become reality if a large number 
of American business enter[)rises are unable to compete in an integratd 
world economy. 



Ironically, all of this will have happened at a time when the United 
States has more businesses and more scientists and engineers-who, 
incidentally, have won more Nobel Prizes than any other nation, in- 
cluding Japan— than the rest of the world combined. The paradox 
becomes more perplexing when one considers that students from all 
over the world come to this country to obtain advanced training in 
the sciences and engineering. 

So, what does the United States need to regain its economic su- 
periority? Clearly we need to regain our ability to innovate. Most 
important, however, is the assurance of an educated, skilled, and moti- 
vated work force. This country must educate all of its people— especially 
children— to compete with the foreign work force. 

A Decline In the Quality of 
American Education 

Reports document that American pre-college education has been 
declining since the implementation of the "quick-fix'' education 
strategies in the decade following the 195? launch of Sputnik. Since 
the publication of the National Commission on Ex^tllence in Educa- 
tion report, A Nation at Risk (\%]), warning us about the "rising 
tide of mediocrity,'' several subse(|uent studies have further documented 
the declining quality of our secondary schools. Our nation is indeed 
very much at risk. 

In 1^88 a group of 1 3-yearnilds from five countries and four Cana- 
dian provinces (in three cases provinces assessed two languages) par- 
ticipated in a mathematics and science assessment study, "A World 
of Differences." The students came from 
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British Columbia 

Ireland 

Korea 

New Brunswick (Engjlish) 
New Brunswick (French) 
Ontario (English) 



Ontario (French) 
Quebec (English) 
Quebec (French) 
Spain 

United Kingdom* 
United States 



*T/u* United Kingdom w/)/t- uti* diauT) p^om \tudmy m Enf^land, Sx inland, and ^'alt'\. 

The result? from this international assessment are quite alarming 
for the United States. Korear students achieved the highest average, 
and the U.S. students achieved the lowest and well below the mean 
scort in mathematics. Since mathematics is a prerequisite for science, 
it is not surprising that the students* performance in this area was 
not significantly different. The students from Korea performed second 
to British Columbia, while the U.S. students were in the bottom cluster 
and ranked ninth. Only Ireland, Ontario (French), and New Bruns- 
wick (French) performed worse (Lapointe, Mead, and Phillips, 1988). 

Reports from the U.S. Congress Office of Technology Assess- 
ment (1988) and the National Research Council (1989) are only two 
in a long list of publications also concluding that academic standards 
among U.S. students, particularly in mathematics and science, are 
ext":mely low when compared with the performance of students from 
other advanced countries. 

While international comparisons are most alarming, this coun- 
try's student performance on national assessment tests in other areas, 
e.g., reading, writing, and geography, is also weak. This decline in 
academic performance has occurred in spite of claims that the United 
States spends more on education than Japan, Germany, and other 
economic competitors. It is projected that over $350 billion will be 
spent in 1990 to operate our K-12 schools, colleges, and universities. 
Notwithstanding these expenditures, our educational institutions are 
failing to educate a superior work force that can help this country 
meet the challenges of an international competitive environment that 
will become more intense during the 1990s with the economic in- 
tegration of Europe. 

A National Interest In Mathematics- 
Science Education 

The plea that America produce a more productive work force 
by immediately implementing educational reforms and investing in 
human capital has created the current national interest in mathemat- 
ics and science education. The amount and quality of educational 
reform around the country have not been uniform. Examples of sig- 
nificant changes, as well as stagnation, can be found within and among 
many communities. 

Increasingly, locaL state, and national educational leaders are be- 
ginning to evaluate the issues and options linking education polity 
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with present and future economic needs. Perhaps more than ever 
before, education, business, and political leaders are accepting the 
position that science and technology are the critical factors driving 
the world economy, and these leaders support the mandate for more 
and better mathematics and science education. Consequently, strat- 
egies to improve the quality of mathematics-science education are 
being discussed with a national perspective focused on long-term 
improvements. 

Several states have developed comprehensive master plans outlining 
broad and ambitious ways to improve mathematics and science edu- 
cation. These states are acutely aware diat without such improvements 
the United States cannot expect to survive in a world that demands 
technological skills of its workers and scientific literacy of its citizens. 
Florida is among those states that have implemented curricular re- 
forms requiring that students complete a core of mathematics and 
science courses before obtaining a high school diploma. 

The growing involvement of businesses in education is unprece- 
dented. Many corporations, small ?nterprises, and civic groups con- 
tinue to join with schools in mutually productive partnerships. It is 
generally accepted that education and the decline of America's work 
force are discussed just as much as, if not more than, the accounting 
balance sheet in the boardrooms of American businesses. It has been 
estimated that one out of three major corporations already provides 
new workers with basic reading, writing, and arithmetic courses. If 
current demographic and economic trends continue, American busi- 
nesses will hire a million new people a year who cannot read, write, 
or count. Teaching employees these basic skills, combined with ab- 
sorbing the lost productivity while they are learning, could cost in- 
dustry $25 billion annually (Boyd, 1989). 

The mu that corporauons are providing their employees with basic 
skills training and that government, political, and education leaders 
have an intense desire to improve the quality of education should 
provide us all with a sense of hope. However, a well-financed, sus- 
tained commitment to a clear national agenda must take place if sub- 
stantial gains are to be achieved. Two major steps are being made 
in that direction. First, during the past couple of years Congress has 
responded with legislation that could authorize billions of dollars for 
instruction and sciences. Educational leaders worry, however, that 
all of these funds will not be budgeted, causing another *'quick-fix** 
approach resembling that of the Sputnik era. 

Second, the executive branch of the government has contributed 
to the current level of enthu.siasm for education in general and 
mathematics and science education in particular. President (ja)rge Bush 
has said he wants to be known as the Education President. The fact 
that he convened his cabinet and the nation^s governors for a summit 
in Charlottesville, Virginia, in September 1989 to address the critical 
problems facing American public education demonstrates a commitment 
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to that goal Not since Franklin Roosevelt's tenure in the Oval Of- 
fice has a president called the nation's governors together, 

While heading FDR's agenda was a search for ways to cope with 
the Depression, President Bush and the governors grappled with a 
crisis whose long-range effects could prove no less catastrophic for 
American economic security and prosperity: the failure of U.S. schools 
to teach the basic skills needed to keep America productive and 
competitive. 

During the education summit, the President and the governors 
agreed to 

• Establish a process for setting national education goals 

• Seek greater flexibility and enhanced accountability in the use 
of fed»Tal resources to meet the goals through regulatory and 
legislative changes 

• Undertake a major state-by-state effort to restructure* the edu- 
cation system 

• Report annually on progress in achieving the goals 

Since the summit, most governors have been working within their 
states to develop strategies for restructuring their education systems. 
As a result, many states have developed comprehensive plans. Presi- 
dent Bush has made several major speeches, including his State of the 
Union Address in January 1990, outlining the vulnerability of our eco- 
nomic competitiveness due to a poorly educated work force. In addi- 
tion, Education Secretary Lauro Cavazos has suggested that sweeping 
fundamental changes in our education system be made. Other cabinet 
members, including Secretary of Labor Elizabeth Dole and Secretary 
of Energy James Watkins, have set into motion several initiatives that 
will mobilize federal dollars and other resources on behalf of education, 

Perhaps *he most signifiiant accomplishment since the summit is 
that the Bush Administration and the National Governors' Association 
(NGA) have worked collaboratively to develop and recommend a set 
of national goals. In July 1990, during the NGA's annual meeting 
in Mobile, Alabama, a document was released, Educatinfi America: 
State Strategics for Achieving the Natmal Education Goals. The report 
identified the six national goals that are to be accomplished by the 
year 2000 and listed strategies for accomplishing each one. The goals are 

•All children in America will start school ready to learn 

• The high school graduation rate will increase to at least 90 percent 

• American students will leave grades four, eight, and twelve having 
demonstrated compt'iency over challenging subjects including 
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English, mathematics, science, history, and geography, and every 
school in America will ensure that all students learn to use their 
minds well so they may be prepared for responsible citizenship, 
further learning, and productive employment in our modern 
economy 

• U.S. students will be first in the world in mathematics and science 
achievement 

• Every American adult will be literate and will possess the knowl- 
edge and skills necessary to compete in a global economy and 
to exercise the rights and responsibilities of citizenship 

• Every school in America will be free of drugs and violence and 
will offer a disciplined environment conduci\ v to learning (Na- 
tional Governors' Association, 1990) 

The Bush Administration and the NGA consider these goals to 
be ambitious and predict that they will set the direction for restruc- 
turing our nation's education system for the next decade. However, 
these goals may also be Utopian. The education summit was con- 
vened only about a year ago— it is too early to say precisely if these 
goals will produce significant impact. 

It is not too early, however, to conclude the following: If these 
goals turn out to be the cornerstone for President Bush's pledge 
to be the nation's Education President, his administration will not 
encourage any change in the constitutional authority that education 
is a state responsibility. Consequently, our nation's schools are not 
I'kely to receive any major increases in dollars from the federal 
level. Further, it is now midpoint in the President's first term of of- 
fice and, short of rhetoric, he may find it difficult to identify ac- 
complishments in education if he chooses to run for re-election in 
1992. 

Demographic and Education Skills 
Attainment Trends 

While the inadequacy of our education system has contributed 
to the mathematics-science crisis, current demographic trends will in- 
tensify the magnitude of the problem. First, Americans are growing 
older. During the next decade a significant number of our scientists 
and engineers will be lost to retirement without a corresponding pool 
of applicants to replace them. Second, there is a shortage of White 
males available to enter the work force. It is estimated that by the 
turn of the century White males will mak, up approximately 15 per- 
cent of entrants into the nation's work force. And tliird, most of 
the new entrants in the work force at the turn of the century and 
beyond will be minorities, immigrants, and women. These new en- 
trants (Asians not included) have liistoricallv participated less in 
mathematics-scienf'; professions. 

3 

10 



RtCiAlNlNCJ THE EIX5E IN URBAN EDUCATION; MATHEMATICS AND SCIHN(^ES 



As the proportion of White males in the population decreases 
and as fewer of them choose to study science and engineering, the 
United States will be relying more and more on minorities and women 
to fill the gap. If current trends continue, it is certain that the needed 
supply of minority individuals and women with mathematics and science 
backgrounds will not be available. 

A National Assessment of Education Progress (NAEP) longitudi- 
nal study concluded that 

Nine-, 13-, and IT-year-old Hispanic and Black students in 
the U.S. in science and mathematics fall markedly below. . . 
their White peers. The NAKP data show that despite recent 
gains, the average proficiency level in science of 13- and I7'year- 
old Black and Hispanic students remains at least four years 
behind that of their White peers. Only about 15 percent of 
the Black and Hispanic ly-year-olds assessed in 1986 demon- 
strated the ability to analyze scientific procedures and data, 
compared to nearly one-half of the White students at this 
age. While average science proficiency for 9'year-old boys and 
girls was approximately the same— except in the physical 
sciences— a performance gap was evident at age 13 and in- 
creased by age 17 in most science-content areas. At age 17 
roughly one-half of the males but only one-third of the fe- 
males demonstrated the ability to analyze scientific procedures 
and data (Mullis and Jenkins, 1988, p. 7). 

These data reflect the magnitude of the education problem and, 
more specifically, the quality and status of mathematics and science 
education in the United States today. We cannot afford to maintain 
the status quo if this nation is to remain competitive with other in- 
dustrialized nations. We urgently need to allocate the necessary 
resources— economic, human, and physical— to reverse the current 
situation. 

Mathematics-Science Education 
Pipeline 

If this country is serious about .ureasing the number uf mathemat- 
i s and science professionals, we must be certain that the education 
f ipeline from pre-kindergarten through graduate school mMs the needs 
• )f those who enter. Strengthening the education pipeline at the pre- 
college and community college levels is particularly critical. Attention 
is focused on each of the pre-college levels because the amount and 
quality of interest students develop in mathematics and science here 
will strongly determine their interest at the college level. To prepare 
for college, it is highly recommended that the decision to enter science 
and engineering careers be made before entering high .•school. These 
early years are critical if students are to take the mathematics and 
science courses that will enable them to see how scientific ideas and 
processes are connected among and between the various disciplines 



To further improve the number of mathematics and science profes- 
sionals, this country can no longer overlook the existence of minori- 
ties, women, and people with learning disabilities, groups that have 
been previously tapped only for equity reasons in mathematics, science, 
and engineering professions. Currently minority students, particular- 
ly Black males, tend to lose ground at each level of the education 
pipeline. This is easily documented by the fact that while the number 
of degrees conferred by colleges and universities increased during the 
last decade, minorities remain underrepresented in the American edu- 
cation scene. Unfortunately, many of these students begin to lose their 
competitive skills before they leave elementary school. 

This country cannot afford to ignore or even underestimate the 
contributions that community colleges can m.ake to eliminate the 
mathematicS'Science crisis. Community, technical, and junior colleges 
now form the largest component of higher education in America. More 
than 10 million students are currently enrolled in credit and non- 
credit courses at two-year colleges, and the majority of these students 
are the women and minorities who must be educated and trained 
if we are vO address the mathematics-science crisis in the United States 
today. 

Urban Community Colleges and 
the Revatall:£ation of l\/9atiiematlcs« 
Sclence Education 

The student populatu.n nf today*s urb?n community college is 
characterized by ethnic, demographic, socioeconomic, and intellectu- 
al di ersity. These students need support services and a curriculum 
ladder with every rung in place. Providing these s^Tvices is essential 
if these students are to overcome inadequate preparation for college 
and unfocused education and career objectives. 

Admittedly, many students '^nrolled in two-year postsecondary 
institutions are totally unprepared for college-level work. Invariably, 
these students had no college goajs when they entered high school 
and were not exposed to the academic preparation required for any 
program of studv at the collegiate level. !t is generally believed that 
many of the.^e 'Students decided during - heir final years of high school 
or later in life that they wanted or needed a college degree. 

Before community colleges can begin to provide these students 
with a heavy emphasis in mathematics and science, they must recog- 
nize that a large portion are unprepared for this experience and lack 
the critical skills necessary to make the successful transition to college 
work. Moving these students through to graduation further intensi- 
fies the challenge facing two-year institutions, particularly the urban 
community college. In spite of these challenges, however, the com- 
munity college's ''open door'' policy has been a success. Flexible and 
effective delivery systems have helped students develop the skills 
necessary to obtain the first two years of the baccalaureate degree. 
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IiUTcasingly, these community college students are going on to univer- 
sities to complete the master's and Ph.D. degrees in many areas, in- 
cluding science and engineering. 

While community colleges have been criticized for trying to he 
all things to all people, they can almost do that when given adequate 
economic resources. To perform effectively, however, community col- 
leges need to offer diverse curricula, up-to-date equipment, and an 
enthusiastic and well-trained faculty. Providing this teaching and learn- 
ing environment requires that community college5 receive a greater 
proportion of public funds for education. Currently most states have 
not come close to providing the resources needed by students served 
by these two-year institutions, and it is axiomatic that community 
colleges can benefit in a number of areas from additional funding- 
two critical areas are faculty development and equipment. 

Faculty development funds are needed for faculty preparation and 
in-service training. This country has a definite shortage of teachers 
at all levels, particularly in mathematics and science. The shortage 
can be described as catastrophic when associated with minority teachers. 
Teacher preparation is an area that the urban community college can 
readily help to resolve. For example, during the 1988-89 academic 
year, a majority of the students enrolled in the schools of education 
in the Florida state university system completed their associate of arts 
degrees at one of the institutions in the state's community college 
system {Associate in Arts Graduates. . . , 1989). To be most productive 
in this area, however, funds must be available to recruit and properly 
train these students. Perhaps equally critical is the need to require 
that community colleges and universities seek out opportunities to enable 
these students to complete their program of study as quickly as possi- 
ble so that they can enter the classroom. 

Teacher in-service is just as critical. Many mathematics and science 
teachers at community colleges have not kept abreast of new research 
and new teaching techniqpcs in their fields because of heavy teach- 
ing workloads. If community colleges are to be successful at educating 
their heterogeneous student populations, it is essential that they have 
competent and enthusiastic teachers. 

Community colleges have an on-going challenge of provid^ig iieces- 
sary instruaional equipment. Serious deficioncics now exist in both 
the amount and condition of scientific equioment. Many community 
colleges in this country were built in the late 1950s and 1960s, and 
some of the obsolete scientifa equipment currently used was purchased 
back then with construction funds, (jiven the technological advances 
of the last 30 to 40 years, it is no small wonder that community col- 
leges often find it difficult to get students excited about science and 
technology. 

Undergraduate mnthematus and nience education is unciuestionabiv 
vital to the technological and eionomit future ot this nation. Few 



will disagree that two-year college students are the largest untapped 
source for potential mathematicians, scientists, and engineers. Com- 
munity college leaders have expressed a keen interest in contributing 
to the reversal of the mathematics-science crisis. These leaders are 
also acutely aware that reversing this trend means not only preparing 
their institutions to be more successful at attracting and educating 
young men and women in the fields of mathematics and science, but 
also improving the scientific literacy of the general public. 

The Commission on Urban Community Colleges of the Ameri- 
can Association of Community and Junior Colleges (AACJC) shares 
the national concerns over the dwindling number of entrants into 
mathematics-science professions. The Commission is fully aware that 
the challenge of reversing this trend defies an easy solution; however, 
it views the contributions of urban community colleges as indispensa- 
ble for creating a comprehensive national agenda revitalizing mathemat- 
ics and science education. The chapters that follow will present issues 
that must be resolved if community colleges are to be a viable compo- 
nent of a national effort to improve our education system and our 
economy. 

About this Book— Current literature is replete with data on the 
itatus of mathematics and science education in America. The majori- 
ty of the literature suggests recommendations to be implemented by 
secondary schools and universities that will enable these institutions 
to enhance our mathematics, science, and engineering work force. 
One of the objectives of this publication is to create a greater aware- 
ness of the declining status of mathematics and science education in 
this country. Another objective is to articulate how the mission and 
philosophy of the community college makes it ideally suited to signifi- 
cantly influence the academic preparation of those groups tradition- 
ally underrepresented in mathematics and science careers. 

This publication is written for the non-scientist, h is written for 
policy makers at the national, state, and local levels of government 
and for people in a position to influence the development of public 
policy. 

This Volume is divided into two major sections. The first four 
chapters focus primarily on the mathematics-Svience crisis from a macro- 
perspective. They present sorae of the national environmental impli- 
cations that leaders of two-year institutions must understand if their 
institutions are to effectively contribute to eliminating the matheniat- 
ics and science crisis. The remaining five chapters discuss the role 
of community, technical, an^l junior colleges as providers of new op- 
portunities for Women and minorities. The term "minorities'* in this 
publicotion will include Blacks, Hispanics, Native Ameriuins, Pacific 
Islanders, and Asians. 

This chapter has presented an overview of how a lack ot esper- 
tise in mathematics and science will weaken the United States as a 
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world leader. This chapter has also discussed the community college 
as a rung in the education ladder, indispensable in this country's at- 
tempt to respond to the mathematics-science crisis. 

Chapter Two examines the changing profile of the general popu* 
lation and of undergraduate students in the United States. Major demo- 
graphic trends and their impact on the availability of well-trained in- 
dividuals in mathematics and sciences are analyzed. 

Practically every state has substantially increased the dollars spent 
on education over the past five years. Currently state and local govern- 
ments provide 90 percent of the dollars spent on education. Chapter 
Three identifies selected federal programs. It also recommends areas 
where the federal government must provide a substantial infusion of 
dollars, including community college teacher training, education tech- 
nology, and research. 

Chapter Four identifies the barriers that have kept women and 
minorities underreprescnted in the m^'^thematics and science professions. 
This chapter investigates strategies for lowering the barriers. 

Chapter Five introduces somi f the continuing challenges facing 
the community college as an urban institution. Urban community 
colleges, more than any other postsecondary institution, have the 
greatest challenge of providing appropriate instruction for students 
from diverse backgrounds and varying levels of readiness for learn- 
ing. Environmental factors within and outside the urban community 
college, e.^., lack of role models and negative distractions in the com- 
munity, are also presented. 

The title of Chapter Six, ^^Mathematics and Science Crisis: Im- 
plications for Educational Leaders of Urban Community Colleges,'' 
indicates its content. The very nature and geographical location of 
the urban community college will cause it to serve a large percentage 
of the individuals underrepresented in mathematics and science profes- 
sions. The leaders of these two-year institutions will determine, to 
a great extent, if the students enrolled will experience the thrill of 
discovery and an understanding of the mathematical and scientific 
principles that govern our world. This chaoter also suggests some views 
that community college leaders must share to help create an effective 
teaching/learning environment. 

Chapter Seven reviews the critical "shortage of teachers in Ameri- 
can education and the role community colleges can play lo help al- 
leviate this problem. Chapter Eight recommends .'^hort-term and long- 
term strategies for community colleges and other agencies to improve 
the mathematics and scientific literacy of our nation \< citizens. 

Chapter Nine proposes one solution to the mathematics-science 
cnsis: applied academics and the tech-prep^assodatc degree program. 



Chapter Ten provides a comprehensive review of the literature 
pertaining to the mathematics-science crisis. Included in this chapter 
is a descriptive summary of selected exemplary propiams located 
in or associated with community colleges, which are designed 
to be a catalyst for combating the projected shortage of scientists and 
engineers. 
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Occupational projections by the federal Bureau of Labor 
Statistics suggest that rapid expansion of high tech- 
nology will spur job market growth for scientists, engi- 
neers, technicians, and computer specialists. They will 
be needed for the development of high technol- 
ogy products such as computers, scientific and iredical instruments, 
communication equipment, and robots. 

Also projected are heavy demands for electrical, industrial, and 
mechanical engineers as manufacturing industries integrate new tech- 
nologies into their production systems. In addition, more than a quarter 
of a million new jobs are expected for engineering professionals, science 
technicians, and computer programmers. Given current trends, demog- 
raphers say that the United States will not have enough engineers 
and scientists in the next century. Business and industry will be search- 
ing for men and women with strong scientific skills. 



There will be a severe faculty shortage in the sciences in the next two 
decades unless efforts are taken to strengthen graduate programs, accord- 
ing to Bowen and Sosa (1989). Retirements coupled with projected in- 
creases in college enrollment will lead to a low candidate-to-job ratio in 
mathematics and the physical sciences. Bowen and Sosa's study shows 
that between 1971 and 1985 the percent of degrees in the arts and sci- 
ences dropped from 40 percent to 25 percent of total degrees conferred, 
while degrees awarded in professional programs such as engineering and 
business increased. They attribute the change to ''a large and continuous 
flight of students from the ans and sciences over the last 25 years'' (p. 46). 

The Digest of Education Statistics 1988 (National Center for Edu- 
cation Statistics) reveals many reasons for this low candidate-to-job ratio; 



• Between the years 1970 and 1986, the number of students receiv- 
ing bachelor's degrees increased by 18 percent, from 839,730 
to 987,823. During this period, students receiving bachelor's 
degrees in engineering increased by 83 percent, from 44,898 to 
76,333. By comparison, bachelor's degrees conferred in physi- 
cal science only increased by 1 percent, and bachelor's degrees 
in mathematics decreased drastically by 34 percent. 

• For the years between 1^77 and 1985, enrollment in all gradu- 
ate programs increased by 21 percent. Engineering programs saw 
a 45 percent increase du'-lng the period. Physical science's en- 
rollment rose 17 percent, and mathematics climbed 13 percent. 
However, the enrollment numbers do not accurately reflect the 
number of students who completed the graduate courses. 

• The number of master's degrees conferred between 1970 and 
1986 increased 25 percent. Master's degrees in engineering did 
a little better than the average and claimed a total of 29 per- 
cent of all master's degrees conferred. Master's degrees in phys- 
ical scienre dropped by 7 percent during this period, and master's 
degrees conferred in mathematics fell 40 percent. 

•In 1984-85, tluTe were 32,307 doctoral degrees conferred. Of 
these, 10 percent were conferred in engineering, 9 percent going 
to men and 1 percent going to women. Of those who received 
doctoral degrees, one in every 26 (1,370) was conferred to a 
White man in the field of engineering, one in every 923 (35) 
to a Black man in the field of engineering, and one in every 
367 (88) to a Hispanic man in the field of engineering. One 
in every 288 (1 12) was conferred to a White woman in the field 
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of engineering, one in every 6,461 (five) was conferred to a Black 
woman in the field of engineering, and one in every 32,307 
(one) was conferred to a Hispanic woman in the field of 
engineering. 

• Forty-three percent of the enrollment in U.S. graduate schools 
of engineering are foreign nationals. More than half of the doc- 
torates in engineering arc awarded lo students from abroad. 

• Of all doctoral degrees conferred in 1984-85, 2 percent were 
in mathematics, with men in ^he field of mathematics receiving 
one in every 56 (581) and women receiving one in every 307 
(105). One in every 106 (303) was conferred to a White man 
in mathematics, one in every 4,615 (seven) to a Black man, 
and one in every 2,019 (16) to a Hispanic man. 

• One in every 468 (69) of all doctoral degrees in mathematics 
in 1984-85 went to a White woman and one in every ^804 
(six) was conferred on a Hispanic woman. In 1988 across the 
nation only four Blacks—three men and a woman— received doc- 
torates in mathematics. In the same year, half of doctorates in 
mathematics and 43 percent in computer sciences were awarded 
to foreign students. 

• Ten percent of all 1984-85 doctorates went to students in the 
physical sciences, with men receiving nearly 90 percent of them. 
One in every 16 (2,042) doctoral degrees in the physical sciences 
was received by a White man; one in every 1,243 (26) was 
received by a Black man. One in every 83 (389) of all doctoral 
degrees was conferred on a White woman, one in every 3,590 
(nine) was conferred on a Black woman, and one in every 5,384 
(six) was conferred on a Hispanic woman in the field of physi- 
cal science. Foreign students were awarded 32 percent of the 
doctorates in physical sciences in 1988. 

• The total number of jobs is projected to increase by 18 million 
or 15 percent between now and the year 2000, according to 
the Bureau of Labor Statistics. Professional specialty occupa- 
tions are projected to grow more rapidly than the average for 
total employment through the year 2000-an increase of 24 per- 
cent is projected. This growth is due m part to the expected 
increase in demand for engineers and computer specialists. 

To stem the projected shortage of scientists and engineers* women, 
minorities, and disabled individuals must be encouraged to earn three 
times as many bachelor's degrees and 10 times as many Ph.D.s in 
these fields over the next decade (The Task Force on Women . . . , 1988). 

But according to David Reyes-Guerra, director of the Accredita- 
tion Board of Engineering and Technology, minorities are more likely 
to enter technician than engineering programs because the level of 
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mathematics and science skills required is much lower {Black Issues 
in Higher Ed^fcacion Special Report, 1989). 

A recent report by the National Science Foundation (1988) rein- 
forces the faci ihat women. Blacks, and Hispanics remained under- 
represented in science and engineering employment in 1986 despite 
the fact that their employn:er»t in those fields had increased. Women 
and minority underrepresentatiun reflects their relatively low partici- 
pation in pre-college science and mathematics courses and in under- 
graduate and graduate science and engineering education. 

The data reveal that despite a significant increase in their numbers, 
women scientists and engineers continue to report higher unemploy- 
ment rates and lower annual salaries than their male counterparts. 
In addition, A fundamental concern for underrcpresented minorities 
continues to be the quality of their pre-college experience. 

It is essential that more women and minority youth become 
committed to technical and scientific studies since they will comprise 
a major part of the future work force. The largest percentage of minority 
and women students is found in two-year institutions. Over five mil- 
lion credit students are enrolled in community, technical, and junior 
colleges in the United States. These include the majority of first-time 
college freshmen. 

Critically needed at the community college level is the improve- 
ment of students' scientific literacy. A concerted effort is also needed 
to increase interest in mathematics and science, thereby increasing 
the number of students majoring in science, engineering, and technol- 
ogy—particularly among women and minorities. Because mathemat- 
ics is essential as a foundation to science studies, mathematics curriculum 
and teaching methodology are in need of examination and 
improvement. 

Two Callffornia Mathematics and 
Science Studies 

The Learning Assessment Retention Consortium's (LARC) unique 
1989 study shed light on the situation. More than 11,000 ethnically 
diverse students from 23 California community colleges were studied 
to determine mathematics outcomes assessment, program evaluation, 
and accountability. Over half of the students in the sample were 19 
years of age or younger; 21 percent were Hispanic; 1 1 percent Asian; 
7 percent Black; and 2.5 percent Philippine American, reflecting the 
ethnic composition of California community college students (Learn- 
ing Assessment Retention Consortium, 1989). 

Five levels of mathematics courses (arithmetic skills, college arith- 
metic, beginning algebra, intermediate algebra, and college algebra) 
were assessed. For each level there were substantial skill gains, from 
27 percent to 98 percent higher than corresponding pre-test scores. 
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A second post-test was administered, enabling a comparison of exit 
scores to entrance scores at the next highest level. 

In relation to skills acquisition, the study indicated that '^stu- 
dents. . .showed substantial skill gains within their pre<ollege remedial 
mathematics courses, but, on an average, not enough gain to achieve 
the average entrance skills at the next higher level (with the excep- 
tion of the arithmetic skills to college arithmetic transition)** (p. 81), 
Only 32 percent of the college arithmetic students were ready for be- 
ginning algebra, only 34 percent of beginning algebra students were 
ready for intermediate algebra, and only 24 percent of intermediate 
algebra students were ready for pre-calculus, 

The study also measured the proportion of students successfully 
completing their courses, Of the approximately 10,000 students who 
took the pre-test, 50 percent completed their courses successfully with 
a grade of A, B, or C; 19 percent were unsuccessful, receiving grades 
of D or F; and 31 percent did not complete their courses, having 
withdrawn or received a grade of incomplete. 

A 17-year follow-up study of transfer science students was con- 
ducted by Skyline College, California, of the San Mateo Community 
College District. The study obtained feedback from former science 
majors in an attempt to determine academic and professional out- 
comes of science majors at senior institutions from fall 1969 through 
spring 1986. The study was designed to assess the college's ability to 
provide quality education and preparation for its students to compete 
successfully at iv r-year colleges, 

A 23 percent response rate was received from 54) former stu- 
dents. The average science student at Skyline College is a 21 -year-old 
man who completes 72 units in three years with a CPA of 3,03 (Case 
and Goth, 1987). 

Half the respondents indicated they currently were in school and 
63 percent were employed (23 percent of the employed respondents 
were also in school). Respondents were virtually unanimous in in- 
dicating that the strong points of science and mathematics instruc- 
tion at Skyline were the commitment and accessibility of the faculty 
to students. Small class size also was identified as a major advantage. 
Laboratory classes were considered a strength because they provided 
training and experience in modern, well-equipped facilities. 

Results of the study suggest that Skyline students were prepared 
for their transition-69 percent reported that their grade point aver- 
ages were higher after transferring. Of the students who transferred 
to a senior institution, 62 percent graduated and 32 percent were un- 
dergraduates at the time of the survey. Eighty percent of all employed 
respondents said their job was related to their program of study. 
Seventy-five percent of the respondents who were not in school at 
the time were working in mathematics- or science-related fields. 
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Math and Science Trencto In LACCD 

A study of enrollment in mathematics and science and student 
interests was done by the Office of Research, Planning, and Analysis 
of the i.os Angeles Community College District (LACCD) in Janu- 
ary 1990. LACCD is the nation*s largest community college district, 
encompassing one of the largest urban areas. Its enrollment of 108,228 
students is 15 percent Asian, 18 percent Black, 26 percent Hispanic, 
and 38 percent White (Office of Research, Planning, and Analysis, 
1990). 

The report concluded that over the past decade, student interest 
in science and mathematics has climbed steadily. In the fall semester 
of 1979, weekly student contact hours (WSCH) in mathematics, physics, 
and chemistry classes were 8.9 percent of all instruction. By the fall 
of 1989, this proportion had increased to 13.3 percent. Because of 
overall enrollment declines during this period, however, the absolute 
number of students enrolled in mathematics and science has remained 
almost constant. 

There are some variations in patterns of growth within this grcup- 
ing. Chemistry has remained a constant proportion throughout the 
period at roughly 2.1 percent of all instruction. Physics rose from less 
than 1 percent in 1979 to a peak of 1.5 percent in 1987 and has 
since declined somewhat. Mathematics has seen a steady climb across 
the whole period, going from 6 percent of instruction in 1979 to 9.7 
percent in 1989. Enrollment in transfer and intermediate-level 
mathematics classes as a proportion of all WSCH rose from 3.1 per- 
cent in 1979 to 5,2 percent in 1984 and then declined slightly to 4.9 
percent in 1989. Enrollment in mathematics remedial and occupu- 
tional classes has grown steadily from 2.9 percent of WSCH in 1979 
to 4.7 percent in 1989, 

Current enrollment proportions conform to student interests as 
measured by survey data. The spring 1989 student survey reported 
that 12 percent of all students had indicated that mathematics ;md 
the physical sciences are the study areas of greatest interest to them. 
Unfortunato!y, differences in questionnaire wording and the sensitiv- 
ity of this item to sampling variation —due to its relationship to age 
aiid full-time enrollment status— make it impossihle to use survey in- 
formation to gauge change in student interest over time. 

Cross-sectional analysis, however, does reveal substantial varia- 
tion in mathematics and science interest by sex, ethnicity, and age. 
Men are more than twice as likely as women to show an interest 
in mathematics or physical science (17.1 percent vs. 8,2 percent), Asian 
students are roughly twice as likely as Black, Hispanic, or White stu- 
dents to be interested in mathematics or physical science. By age, in- 
terest in mathematics and physical science increases from 14.5 per- 
cent for those under 20 to 18.1 percent for those in the 20- to 
24-year-old group, and then declines somewhat. 
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The combination of age, sex, and ethnicity variation is most in- 
teresting and revealing. For these comparisons, only fulkimc students 
will be used since they are a more consistently comparable group. 
Full-time Asian women under 20 indicate a mathematics-science in-* 
terest almost as often as do their male counterparts (20.6 percent to 
22.6 percent) and one that is higher than that of Black, Hispanic, 
or White men of any age group. The interest of Asian women in 
mathematics and science declines consistently with age, so that after 
age 35 only about 10 percent choose these subjects. Asian men dis- 
play a high interest across the board, with the proportion of those 
choosing mpthematits and science rising to 30.5 percent for 20- to 
24'year-olds and remaining at 25 percent even for those 35 years of 
cge or older. 

The mathematics and science interest of young Black women, on 
the other hand, appears to be particularly lackluster. Those who are 
full-time students and under 20 are less than one-third as likely as 
their male counterparts to be interested in mathematits and science 
(4 percent vs. 14.2 percent). Their choice of mathematics and physi- 
cal science jumps to 12.7 percent among the 20- to 24-vear-olds, but 
then declines rapidly. For Black men, mathematics and science in- 
terest rises to 18.4 percent among the 25- to 5S-year-old group and 
th'^n falls. 

Interest in mathematics and physical science is similar among full- 
rime Hispanic and White students. Women of both groups are a little 
more than half as likely as men to indicate a mathematics and science 
interest (roughly II percent for women and 18 percent for men). Age 
appears to make little difference for any of these groups. 

These data also cannot answer the question of what would be 
necessary to increase the levels of interest in these subjects. For the 
survey, students were asked to choose among nine different subject 
areas. The proportion of those selecting mathematics and science may 
be low because of the relative attractiveness of one of the other sub- 
ject areas rather than because the student had no interest in mathematics 
and science. For young Black women, for example, mathematics and 
science interest was depressed by a high interest (50 percent) in busi- 
ness and office occupations^. 

On the other hand, the survey information does suggest that if 
the lower rates of interest m mathematics and science by women in 
general were addressed, substantial growth in the technically sophisti- 
cated work force could be achieved. Significant increases in the 
mathematics and science proportion of enrollment have taken place 
over the last decade, but considerably more could be achieved. 

National Findings 

A College Board analysis of high schawl students taking the Scholas- 
tic Aptitude Test (SAT) in 1989 revealed that the relationship between 
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the number and type of courses students take and their performance 
on the SAT continues to be strong ('*A College Board Analysis. . 
1987). Students with seven or 7.5 years of study in academic cjurses 
had verbal and mathematics scores well below the national averages. 
However, two additional years of coursework yielded scores well above 
the average. 

Robert Cameron, College Board research and development ana- 
lyst, indicates that students who had progressed through calculus in 
high school had the highest SAT mathematics scores. Students who 
had taken other than the traditional college preparation mathematics 
sequence had lower than national average scores in both the verbal 
and mathematics exams. Fifty-five percent of those students were 
women. 

According to the College Board study, although most ethnic groups 
demonstrated substantial improvement in the last 10 years, the gap 
between minority and majority SAT test scores is still large. According 
to College Board President Donald Stewart, research indicates that 
"score differences among ethnic groups and between men and women 
can be traced, in part, to wide disparities in academic preparation— 
or lack of it'* (p. I). 

Among the SAT class of 1989, Asian American men ranked engi- 
neering first as their intended college major. All other men had en- 
gineering as a second choice. Only 3 percent of the women planned 
to specialize in engineering, compared to 18 percent of the men. Based 
on the SAT study, Asian American and Black women represent the 
largest percentages (6 percent and 5 percent) of all women choosing 
engineering as a college major. Fourteen percent of Aqan American 
men and 10 percent of Mexican American men said ihey were in- 
terested in the fields of health and allied sciences. 

A summary of the major findings of research on the status of 
natural science, mathematics, and engineering education in commu- 
nity colleges nationwide was completed in 1988 by Cohen, Accord- 
ing to the study, characteristics of community college students in the 
natural sciences, mathematics, and engineering programs and courses 
reveal that women are overrepresented in the life sciences, while men 
are overrepresented in the physical sciences, computer sciences, en- 
gineering, technologies, and mathematics. Engineering is particularly 
male-dominated, with men making up 91 percent of enrollment. Fur- 
thermore, students who take science courses are somewhat more like- 
ly than students in other classes to be enrolled in nine or more units 
of biological sciences (79 percent), engineering (65 percent), and 
mathematics (64 percent) (Center for the Study of Community Col- 
leges, 1988). 

Courses without prerequisites accounted for 65 percent of the science 
and 79 percent of the social science enrollment at five large, urban 
community college districts in the study. In mathematics, 60 percent 



17 



A REPORT OF THE COMMISSION ON URBAN COMMUNITY COLLEGES 



of the enrollment was in remedial classes; 25 percent in introductory 
college-level classes; and 14 percent in advanced classes with 
prerequisites. 

On average, students complete 52 percent of the science courses 
in which they enroll. Most students enrolling in the natural :ciences 
(53 percent) and mathematics (52 percent) do «^ to prepare for trans- 
I'er to four-year institutions. On the other hand, 45 percent of the 
students enroll in engineering to prepare for new jobs while 24 per- 
cent prepare for transftr. Students in engineering technology programs 
generally do not enter four-year colleges. 

Approximately 22 percent of all community college students who 
intend to earn a baccalaureate are majoring in the sciences, including 
computer science (6 percent), engineering (6 percent), the biological 
sciences (3 percent), and the physical sciences (1 percent). However, 
high school seniors entering community colleges in the fall of 1982 
elected to major in business, humanities, or vocational studies more 
frequently than other discipline categories. The disciplines least elected 
were biological, physical, and engineering sciences. 

The study reveals that between 1980 and 1987 the number of 
community college freshmen planning to major in mathematics re- 
mained constant while all other science majors declined: biology from 
2.7 percent to 2.4 percent; physical sciences, 1.4 percent to I.l per- 
cent; engineering, 11,8 percent to 9.3 percent; computer sciences, 2.5 
percent to 1.5 percent; and medicine, 1.5 percent to 0.9 percent. 

The study further points out tha' 67 percent of all community 
college students attended part-time. Almost half of the entering stu- 
dents need remediation in English usage and/or mathematics. Remedial 
courses account for more than a third of the offerings in English and 
nearly half in mathematics. 

Hodgkinson points out that ''by knowing the nature of those 
coming into first grade in the United States, one can forecast with 
some precision what the cohort of graduating high school seniors and 
the entering college class will look like in 12 to 13 years" (1985, p. 
10). He predicts that change^ in the composition of the group mov- 
ing through the educational system will change the system faster than 
any other factor. Given the composition and the number of the groups 
entering elementary schools, extensive change is needed to develop 
and provide effective programs and maximum educational gains at 
all school levels. 

Some of the demographic student population changes referred to 
by Hodgkinson that will heavily impact the educational system in 
general, and science and mathematics learning in particular, include 
but are not limited to 

• More children entering school ^rom households in poverty 
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• More children entering school from single-parent households 

• More children with teenage mothers 

• More children whose parents are not married, now 12 of every 
100 births 

•More ''latch-key" children 

• Fewer White, middle-class, suburban children 

• A continued drop in the number of minority high school gradu- 
ates who apply for college 

•Increased numbers of Asian American students 

• Continuing high drop-out rates among Hispanics, about 40 per- 
cent of whom currently complete high school 

• A major increase in part-time college students and a decline of 
about one million in full-time students 

• A decline in the number of college graduates who pursue graduate 
studies in arts and sciences 

• A major increase in the number of co lege students who need 
both financial and academic assistance 

An effective national effon is required to increase this nation's scientific 
talent pool. Never before has the need for linkages been more evident. 
No educational delivery system can stand alone; each has a responsibili- 
ty, but all levels are interdependent. Education must not stand in isola- 
tion from government, from legislation, from business, or from society's 
needs and its counteracting forces. Everyone must be held accountable 
for what does or does not take place in the schools of this nation. 
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C' ommunity colleges currently receive the majority of 
their operating and capital outlay budget allocations 
from state and local governments. The total amouat 
of such funding is determined to a great extent by 
I I the tax bases within the states. Consequently, the de- 
gree to which these governments adequately allocate the dollars neces- 
sary to fund quality programs varies from state to state. It is generally 
believed, however, that state and local revenues do not enable com- 
munity colleges to provide the services that are needed by the com- 
munities they serve. 

The federal government has placed a key role in increasing the 
effectiveness of community colleges by initiating programs to provide 
economic support to students. Federally funded grants such as the 
PeP Grants and the Supplemental Education Opportunity Grants, as 
wdl as the Guaranteed Student Loan Program, have allowed many 
students to attend college. The Student Support Services Program is 
directed at economically disadvantaged students and those who are 
first in their families to attend college. 

These financial aid programs are critical. However, the evolving 
mission of the community college requires greater financial support. 
Community college leaders want funding for professional development 
for teachers, student support programs, and mathemati^^ and science 
projects, and they want a greater share of the funds distributed by 
the National Science Foundation (NSF). 

Vt'hat role is the federal government best suited to fill? While that 
question is posed we also need to address the q.. .tion of "How can 
community colleges best benefit from a well-defined federal education 
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policy?*' Until some degree of consensus is reached regarding the an- 
swers to these questions, community colleges cannot maximize their 
ability to influence federal policy. 

While the federal government has been supportive of postsecon- 
dary education in general, its impact on improving the quality of 
mathematics and science education has been minimized by the reor- 
ganization of some federal agencies and the erosion of its overall eco- 
nomic support. For example, the reorganization of the NSF and the 
Department of Education in 1979-80 brought the Minority Institu- 
tions Science Improvement Program into the Department of Educa- 
tion and effectively removed NSF from any role in undergraduate 
science education. 

The federal government is attempting to improve the science and 
engineering situation. At the education summit in Charlottesville, Vir- 
ginia, in October 1989, one of the performance goals was to raake 
U.S. students first in the world in science and mathematics achieve- 
ment by the year 2000. The goal shows how aware the governors 
and the President are of the problem, yet there has been no new 
federal money for any of the goals. New NSF initiatives such as the 
Young Scholars Program and Alliances for Minority Participation and 
Statewide Initiatives indicate that NSF may return to play a major 
role in science education. However, recent personnel changes within 
NSF may prevent any real progress. 

The question about which federal agency or agencies will play 
a role in science education remains unanswered. What is clear is that 
every institution that has considered the subject of science and 
mathematics education has recommended an expanded federal role. 
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Unless science education is supported at the federal level, we will see 
results similar to the withdrawal of federal support for nursing education 
through the capitation grant program— a serious shortage of workers 
in mathematics, science, and engineering. 

Two federal a^ ndes have increased support for community col- 
lege mathematics and science education. The Department of Energy 
makes grants to minority students enrolled in energy-related programs, 
which are generally science or engineering-related. The National In- 
stitutes of Health, a leader in promoting completion of degrees through 
research initiatives, faculty released time, and student stipends, has 
developed the Minority Access to Research Careers Program, the 
Minority Biomedical Research Support Program (MBRS), and the 
Summer Institute for Undergraduate Faculty. The National Institutes 
of Health has also developed a network to support students from 
high school through graduate school by involving the community 
colleges. 

Decline In Interest In Mathematics 
and Sclenca 

The national decline in interest in science and mathematics started 
after the end of the post-Sputnik infusion of funds into science and 
engineering. The University of California— Los Angeles Cooperative 
Institutional Research Program*s freshman surveys document the 
decline of interest since 1966. Interest in the biological sciences has 
not changed, but interest in the physical sciences and mathematics 
has declined significantly. The decline in interest in mathematics is 
alarming; among freshmen it has declined from 4.6 percent in 1966 
to 0.6 percent in 1989, while interest in the physical sciences declined 
from 3.3 percent to 1.5 percent during the same period (Astin and 
others, 1988). 

There will be a shortage of 400,000 scientists and 275,000 engineers 
by the year 2006 (Holden, 1939). Because minorities and women 
will make up a large part of the work force of the future, they will 
have to be attracted to technical careers in unprecedented numbers. 

The increasing enrollment in community colleges together with 
the increased interest in the transfer function places the community 
college in the best position to attract women and minorities into science 
and mathematics careers. However, while enrollment expansion has 
created opportunities for women and minorities, it has also increased 
the number of at-risk students attending college. These students generally 
have poor backgrounds, in mathematics and science and, therefore, 
need more nurturing and assistance. Many are the first members of 
their families to attend college, and they often have little knowledge 
of the demands of college or an understanding of career opportuni- 
ties in mathematics and science. Moreover, science education has not 
been generally viewed as a mission of the community college. Given 
the severity of the crisis, however, community colleges must become 



involved. This increased emphasis will requite additional financial sup- 
port for community colleges. 

National View of the Problem 

The interim report of the Task Force on Women, Minorities, and 
the Handicapped in Science and Technology (1988) follows the 4 million 
high school sophomores of 1977, to the 340,000 college freshmen of 
1980 with science and engineering interests, to the 206,000 graduates 
in 1984, to the 9,700 Ph.D. graduates anticipated in 1992. The loss 
at each educational juncture coincides with an increase in foreign- 
born graduate students. In 1986 foreign-born students represented 44 
percent of the graduate engineering population and 22 percent of gradu- 
ate science students, and that trend is continuing. Sjfice the United 
States is a nation of immigrants, the trend may not'l^e undesirable, 
but the potential brain drain must be recognized. \ 

The task force established national goals that call for quality edu- 
cation from pre-K to twelfth grade to higher education. According 
to the task force: 

The nation should increase the number and diversity of Ameri- 
can students graduating in science and engineering. By the 
year 2000, we should produce enough professionals in these 
fields, including more from underrepresented groups, to meet 
the demand for faculty and for industry and federal person- 
nel (The Task Force on Women..., 1988, p. 32). 

The task force points out that federal research and development 
funds influence the nation's entire science and engineering effort. Fund- 
ing generates the new knowledge and employs and trains scientists 
and engineers. These funds should be leveraged to help develop a 
more diverse, world-class generation of scientific and engineering workers 
by the year 2000. Another task force goal calls on the entertainment 
industry and mass media to promote science and engineering, sug- 
gesting the need to change role models from peopk in the entertain- 
ment field and sports to those in science and engineering. 

As former NSF Director Erich Bloch points out, it will take 20 
years to bring about the improvement in pre-college education neces- 
sary to supply a solid foundation for minorities and women (Holtlen, 
1^89). Programs improving the retention of scienct and engineering 
students will give the most immediate pay-off an^ would probably 
be the earliest initiative. The retention programs wouid most likely 
be coupled with science and engineering facility improvement initiatives. 

In the report of the NSF Disciplinary Workshops on Undergraduate 
Education, the common themes that emerr/d from representatives 
of all of the sciences, meeting as separate disciplines, were concern 
tor the condition of undergraduate education, the need for NSF action, 
and specific r commendations for NSF actions. The workshop reinforced 
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the need for assistance to the community colleges when it pointed 
out that **. . .undergraduate education, in particular the lower-division 
component, suffers from lack of attention, even neglect'* (National 
Science Foundation, 19'^9, p, 4). Blame is placed primarily on the 
current emphasis on research rather than on innovative and high 
quality teaching. This, of course, refers to conditions at universities 
and four-year institutions, but it is a flawed argument, Research im- 
proves teaching, and teaching reinforces research. 

Among the exemplary programs discussed in Chapter Ten, the 
MBRS program demonstrates the inexorable intertwining of research 
and teaching. To try to drive a wedge between research and teach- 
ing, or to assume that the two are mutually exclusive, is not produc- 
tive. The joint recommendations for NSF actions call for expansion 
or initiation of assistance in laboratories, courses and curriculum, faculty 
development, representation of minorities and women, and pre-college 
preparation of students (National Science Foundation, 1989). 

Only the NSF Disciplinary Workshop meetings of biologists, 
chemists, and computer scientists mentioned community colleges, while 
engineering, geosciences, mathematics, and physics workshops did not. 
Community college faculty members were part of the biology and 
mathematics workshops but did not participate in those involving 
chemistry, computer sciences, and physics. 

Federal inactivity has resulted in some states' recognizing the short- 
age of scientists and engineers as it affects their ability to maintain 
or attracf technology-based industry. In New York, the legislature 
has created a Collegiate Science and Technology Entry Program 
(C-STEP) designed to encourage the pursuit of careers in science, 
mathematics, or technology by bridging the gap between high school 
and four- or two-year colI':ges. 

These programs can affect future shortages, but they require time 
to be effective. In adoition to C-STEP, New York has set up a grant 
program that supports the acqui.sition and enhancement of technology- 
based industries in the state by linking together business and education. 

Immediate attention to retention and advancement ')f student.-^ 
has a precedent in terms of private sector intervention and support 
for students in critical disciplmes. The Ford Foundation Upper Divi- 
sion Scholarship Program provided $9.6 million in scholarships to 
4,000 minority community college transfer students from 1971 to 1977, 
with the last funded cohort in 197S. The program was conceived by 
Fred Crossland of the Ford Foundation and was administered by the 
College Board under the direction of Stephen White. The College 
Board's final report in 1978 indicated that ^,878 students had en- 
rolled in four-year institutions and tliat 63.4 percent of these students 
had obtained baccalaureate degrees. In follow-up surveys conducted 
by the Academy for Educational Development (1987)» 58 percent of 
the graduates obtained credits beyond the bachelor's degree, and 33.6 



percent obtained the master's degrees. Ninety-five percent of the gradu- 
ates reported that thev were the first members of their families to 
obtain college degrees. 

Recently, inspired in part by the Ford Foundation Urban Commu- 
nity Colleges Transfer Opportunity Program, the National Acrion Coun- 
cil for Minorities in Engineering has become interested in a community 
college initiarive. Seventy percent of the minority freshmen in engineering 
school drop out at the end of the freshman year, while 80 percent 
of community college transfers to engineering schools obtain degrees. 

Community Collages as Research 
Institutions 

The following recommendation is meant to be comprehensive, 
affecting the institution, faculty, staff, and students. If one accepts 
the premise that research and scholarship are the bases for growth 
and success in the sciences and engineering and that hands-on ex- 
perience is the best way to learn, then a comprehensive federal pro- 
gram must include a research experience. Wherever possible, existing 
federal programs should be directed toward community colleges to 
ease the requirement to find **new" money. 

The federal government must begin to i-'evelop research capabili- 
ty in community colleges. The federal government will have to re- 
turn to equipment support for undergraduate research and will have 
to include money for supplies as well as funds to reimburse the insti- 
tution for released time for faculty. The institutions themselves could 
recover some indirect costs, which in most instances would improve 
the entire institutional environment. The following would hi. key ele- 
ments in such a program: 

• Faculty support to initiate research at the community college 

• Support for equipment and supplies to do research at the com- 
munity college 

• Stipends for students to work with faculty on reseat ;h projects 

• Summer salaries for faculty and students to do research 

• Requirements for student presentations and attencance at scientific 
r. eetings 

• Peer review, publicati()n review, and peer a.ssistance 

• Establishment of networks of research institutions to facilitate 
student support and transfer 

• Replication of student .support at the transfer in.stitutions and 
continuing into graduate programs for the more capable .student 
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• A requirement that students be tracked so that hard data would 
be available about the success of the program, showing where 
students transferred, degrees earned, and employment 

The federal government has a role to play in alleviating the na- 
tional shortage of professionals in science, engineering, and mathematics. 
G)mmunitY colleges must be recognized for support by the federal govern- 
ment, as these two-year institutions enroll many women and minori- 
ties who are underrepresented in mathematics- and science-related fields. 
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BREAKING DOWN BARRIERS FOR 
WOMEN AND MINORITIES IN 
MATHEMATICS AND SCIENCES 

By Dianne Halleck 

Diwon Dean, "science and Technolo^ 
Communn\ Colu-flc oj Dmcr, Colorado 



Women and minorities have long been underrcprc- 
sented in mathenatics and science careers. Com- 
munity, technical, and junior colleges may he in 
the best position among higher education institu- 
I I tions to change that. 

Ci:reer choice is a complex balance of at least two major factors: 
one's interest in the subject and feeling of probable success based on 
past experiences \vith some or all of the career's features; and the 
level of comfort with the identity that the career confers, its social 
and economic status, and its potential for advancement. 

Any professitm may best be defined by the characteristics of its 
present participants. The traditivmal image of a mathematician, engi- 
neer, scientist, or medical doctor has been a white man (this image 
is evolving to include Asians of either sex). 

A mctaiulture's expectations of its subcultural elements profoundly 
affeu each individual's career choices. Although there is an Ameri- 
can cultural paradigm that supports the value of each individual, it 
may only support an individual m a narrow assortment of activities 
and occupations. Metacultural bias can be as insidious as '^gender- 
appropriate" choices that women are encouraged to make and as bla- 
tant as the growing number of incidents of ethmwiolcnce reported 
bv the (^'lUer for the Study and Prevention of Campus \'iolcnce, 
Towson vState University (Clay, 1^8^). 

Students often make chinces that preclude mathematics and >cience 
careers very early in life, basing them more frequently tiian not on 
cultural or sukultural messages already m place in the early grades. 



Choosing math or science careers is only possible if these careers have 
not been made unattainable by early school performance. One's ca- 
pacity to choose these careers also depends heavily on the courses 
selected in secondary school or supportive counseling. Freedom of choice 
for the individual is more a national myth than a functioning reality 
if some critical life decisions take place before the age of 12 and others 
proceed from them by default. 

The Problem of Gender 

A historically dominant theme in most elements of American so- 
ciety was that women did not need to be educated, that in fact educating 
them was a waste of family resources. Typic .i families might have 
made sacrifices to educate their sons but usually not their daughters. 
The traditional role of women was to bear children and maintain 
family traditions and values. 

While these patterns are not as clearly entrenched today, the para- 
digm continues consciously or unconsciously to bias the opportunity 
for women to be full and equal participants in the workplace. Women as 
a group are often perceived as having limited capacity to do analytical 
work, and they are frequently characterized as emotional and illogical 
by their male counterparts. Our code of justice, which presumes inncv 
cence until proven guilty, tends not to operate in the face of gender 
bias. Although the status of women has improved, the failure of a 
majority of states to ratify the Equal Rights Amendment suggests that 
substantial resistance to the concept of gender equity continues. 

Myer (\%0) compared the ^'preferred mode of using minds" in 
high-school-aged boys and girls. Her results indicate that intuitive and 
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feeling functions are typically more highly developed in girls. The natural 
mental functioning of girls, as a group, does not suggest that they 
are less able than their male counterparts, but it does show them to 
be more sensitive to hidden expectations that society imposes on them. 

Societally supported careers of choice for women, in keeping with 
gender expectations, are teaching from pre-school to secondary school; 
health occupations, especially nursing; psychology and social work; and 
a variety of office occupations. These careers share a strong nurturing 
or male-support component. Women are presently over-reprebcin^d in 
all of these careers. An analysis of college majors reported oy the Na- 
tional Science Board (NSB) (1989) shows that women continue to 
preferentially select careers in p.^ychology and social and life sciences. 

One of the deeply imbedded myths in our society is that girls 
are not good in mathematics. The 1981-82 National Assessment of 
Educational Progress (NAEP) demonstrates that mathematics and science 
performance levels are not different for girls and boys to the age of 
11. However, during adolescence girls begin conforming to the .wie- 
tal expectation that they are not good at mathematics, and by age 
17 they score lower than boys on the NAEP (National Center for 
Education Statistics, 1988). Psychology Professor Jacquelynne Eccles 
reports rhat this is self-limitation, mo.^t closely related to maternal ex- 
pectations, and that real ability to solve mathematics problems is less 
significant than the cultural myth (O'Brien, 1988). Similar performance 
patterns have been found in girls who have been identified as gifted 
in mathematics. Significantly fewer gifted girls are identified by the fifth 
grade than had been identified in earlier grades, although the number 
of boys gifted in mathematics does not show an equivalent decline. 

Survey data collected in conjunction with the NAEP (National 
Center for Education Statistics, 1988) for 17-year-olds and additional 
studies reported by Kahle (1985b) and Breakwell (1986) on 13-year- 
old girls show that girls do not consider careers in science because 
ihey believe it to be a male activity. Easlea (1986) reports a survey 
of college students that shows rhat all of the physical sciences were 
perceived as male-identified, and only the life sciences were gender 
neutral. 

Newton (1986) reports that women who have chosen to study 
engineering, a traditionally male occupation, usually receive support 
for their choi- e from both parents, and especially from the father, 
who is typically in a technical field. Other studies have shown that 
there is a greater chance that girls will choose college science majors 
if they can identify with the attitudes and aptitudes of their smnce 
teachers. The science role model does not appear to be same-gender 
related but is related to non'gender-bia.^ed encouragement (Frieze, 1978; 
Granville, 1986; Kahle, 1985a; Smith and Erb, 1986). 

Women have equal access to education in science and mathemat- 
ics but often face major obstacles in making the choice for a career 



in a scientific, mathematical, or technical field because of the historic 
lack of societal support for women in these disciplines. Female col- 
leagues and role models are relatively few and often have been handi- 
capped by discrimination in their own careers. 

Women who major in mathematics in college will commonly hold 
a termmal degree at the master's level. NSB statistics (1989) show 
that women who initially major in scientific disciplines most com- 
monly choose and most frequently complete degrees in biology, the 
least male-identified of the scientific disciplines. In seeking jobs, scientif- 
ically trained women most commonly choose positions at the techni- 
cian level because it allows rhem to ''stop out'' to have children and 
return to work at a later time with $omv applicable work experiences. 
Approaches to increasing the professional status of scientifically trained 
women, such as job sharing that allows women to work part-time 
while their children are small, are slowly gaining popularity. 

Career advancement potentials for women who enter university 
teaching are more limited than those of their male counterparts. Women 
hold positions at the assistant professor level or below after they have 
been employed for a length of time that is required for rheir male 
counterparts to advance to associate or full professorships. Publica- 
tion is a requirement for advancement in academia, and women's 
publications are frequently fewer than those of their male counter- 
parts. In addition, nepotism rules have historically kept many highly 
qualified married women from holding university positions becau.se 
their husbands were employed by the university and, short of divorce, 
they could not be (Chamberlain, 1988; Hornig, 1984; Matyas, 1985). 

A woman choosing a technical career ofien risks being viewed 
as a second'dass citizen in her chosen profession as well as in society 
in general. The perception of risk is a factor in maintaining the status 
quo and clearly limits career choices for women. 

The Problem of Race or Culture 

American culture has developed from predominantly Eurocentric 
roots. Eurocentric value.s place emphasis on objectivity and individual 
achievement. Group membership and individual .status are establi.shed 
by competition. Black, Native American, Asian, and Hispanic culture.s, 
while not alike in other ways, share a relational cultural heritage. 
Group membership and status in relational cultures are ba.sed on C(X)per- 
ation and contribution to an extended family or community unit. 
Competition, when it is valued in a relational culture, is at a group 
level rather than between individuals. Asians are an example of a 
relational culture that competes well on a group level. A.sian.s presently 
have twice the percentage of representation in co!i(*p.e populations as 
they have in high school populations (Hoachlander anJ Brown, 1989). 

Children from relatioi\al home cultures may e\{---:u'nce culture 
shock when they start school. School culture emphasises the individual 



ERIC 



If 



A RHPORT OF THt COMMISSION OK URBAN COMMUNITY COLLLCliS 



and fosters competition between individuals. It expects greater self- 
regulation and self-motivation than is typical of many relational cul- 
tures. Early childhood experiences of minority children, based on the 
values of their home cultures, may not include all of the experiences 
on which the school culture bases its expectations. Pre-school pro- 
grams and the Head Start program are designed to bridge this gap, 
but only a small percentage of children participate in these programs. 
Head Start serves only about 30 percent of eligible children, and pre- 
schools are only available to families who can afford them. 

Children from relational cultures do not define themselves as inde- 
pendent of others. One can but wonder if the reported over- 
representation of Hispanic and Black children in classes for slow learners 
does not reflect the difference between home culture and school cul- 
ture more than it reflects native ability. 

The NAEP consistently shows that Hispanic and Black students 
score below White students in mathematics and science in the primary 
and elementary grades (Mullis and Jenkins, 1988; National Center tor 
Education Statistics, 1988). Low socioeconomic status, without respect 
to ethnicity, has also been identified as contributing to substantially 
lowered performance. Students who start out at a lower performance 
level may progress at the same rate as all other students, but they never 
catch up. Minority students do, in fact, progress at a rate equivalent 
to that of White students on th^ NAEP until high school, when their 
percentage gain falls off. Reduced percentage gain at the high school 
level may be a result of course selection and/or counseling minority 
students away from a college preparr.tory curriculum. Numerous reports 
show that minority students continue to accumulate disadvantages as 
they progress through school. The sum of these accumulated disad- 
vantages limits or eliminates the possibility of a scientific or technical 
career because of a lack of mastery of prerequisite knowledge and skills 
and because of a lack of opportunity for a student to identify these 
areas as having the potential to be personally rewarding. 

When school is not a place of success and acceptance, it becomes 
a negative environment for children. Attitudes that have been identi- 
fied in high school drop-outs also have been shown to be present in 
children as early as in the primary grades. With each transition in 
school, from primary to elementary to middle school, high school, and 
college, minority students have a difficult time adjusting to the new 
environment. With each transition the child moves further from the 
norm of a relational culture and is increasingly required to assimilate 
the premises of the Eurocentric model, focused on competition and 
individual achievement. Society tends to discount or sidetrack those 
individuals who do not conform to expectations even when, as is 
currently the case in some large urban school districts, they become 
the majority. Urban high school drop-out rates for minorities are said 
to be in excess of 50 percent, and this figure is deceptively low. The 
figure would be even higher, were it not for the fact that many tran- 
sient children disappear unnoticed before they even start high school. 



Too many minority students do not complete high school and 
those who do frequently have academic deficiencies that have to be 
corrected before they can begin college-level work. Minorities who 
have attained advanced degrees are actively sought by employers in 
both the public and private sector, but employment and advance- 
ment are not necessarily concomitant. The attainment of profession- 
al status is as much a factor of networking for minorities as I" is for 
women, and the limits imposed are just as great. College graduation 
does not in itself lead to employment, as can be attested to by the 
reported 81,000 college-educated, unemployed Blacks in 1987 ^Hol- 
mes, 1988). It is not possible to maintain the myth that education 
has the power to change the socioeconomic status of minorities when 
minority unemployment rates continue to be excessive. 

Lowering Barriers for Minorities 
and Women 

The future of our technological society, based on science and 
mathematics, is integrally linked to ou; society and its institutions 
becoming truly multicultural. The challenge of creating a multicultur- 
al educational system has to do with methodological changes, but it 
also has deep roots in human dignity. The future requires that we 
come to respect all people and cultures and provide the opportunity 
for each person to develop in both cognitive and affective domains. 

Without effective strategies for intervention that lower barriers 
and encourage a broader variety of students to enter careers in 
mathematics, science, and applied technologies, the new work force 
that will be needed for the year 2000 and beyond simply will not 
be present. This new work force is projected to be composed largely 
of women and minorities in addition to immigrants. If they are to 
become the future work force, both educational and social barriers 
must be addressed in new ways. 

The potential ic: reducing barriers in mathematics and science 
while enhancing the school experience by incorporating computers 
into the educational environment is profound. The computer can be 
programmed to simulate and model events, and it can be used for 
individualized tutoring, teaching computer programming and other 
^abor-saving applications. However, Alexander (1987) surveyed the 
national status of computer use in public education. He found that 
current usage patterns could lead to the kind of historic gender and 
minority inequities that have plagued our educational system. There 
are few safeguards to assure that equity is being moi^itored or considered. 

A number of authors have raised questions about software promot- 
ing the kind of bias that disenfranchises the traditionally disenfran- 
chised. In California, where computer literacy is assessed along with 
general educational prog. ^s. hoys show consistently higher achieve- 
ment in both the sixth and twelfth grades (Fetler, 1985). Gender equity 
is a concern with this new tool, bat concern should also be expressed 
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for equity for all ethnic backgrounds and all levels of socioeconomic 
status. Computer access and use can be a very powerful tool for equi- 
ty, but can also produce a new kind of inequity that may be even 
more disabling than historic forms. 

There are no intrinsic cultural or gender barriers to prevent stu- 
dents from benefiting from computer use in the classroom. The com- 
puter has been used to enhance academic performance of girls and 
all ethnic minorities in mathematics, but the way in which this tool 
is used and the values that it presents through software will undoubt- 
edly determine its continuing educational value. Children take to com- 
puters readily, and research on computer-aided instruction has estab- 
lished that students will spend more time on task with a computer 
than with more traditional methods of presentation. 

Changes are also needed in mathematics teaching to make 
mathematics skills attainable for more students. The National Research 
Council speaks to the issue, stating: 

Competition and individualism, ingrained parts of tradition- 
al American culture, are reflected in typical mathematics courses 
where students work alone to solve problem sets. Other cul- 
tures, including many which are now a growing part of the 
American scene, stress teamwork and group problem solv- 
ing. To the extent that mathematics instruction in the United 
States continues to stress individualism and competition over 
cooperation and teamwork, to that extent we continue to in- 
troduce unnecessary counterproductive practices t )r many in 
our multicultural nation (1989, p. 76). 

Martin's (1988) research compares competitive, cooperative, and 
group competitive teaching strategies in mathematics and has demon- 
strated that students who perform well in a competitive environment 
perform equally well in a cooperative one, but that students who do 
not do well in a competitive environment are more successful in a 
cooperative or group competitive one. 

Teacher-centered methods are currently the most commonly or 
exclusively used for delivery of mathematics instruction. However, 
teacher-centered methods are the weakest tools for helping students 
develop mathematical schema concepts, which each student must con- 
struct in order to solve problems, if student success is to be improved, 
methods must provide an opportunity for students to engage the 
pro! :cm-solving process. If fewer problems are worked by the teacher 
and more group methods are used, the level of student involvement 
in problem solving increases. 

In adult mathematics instruction, and presumably at any age, small 
group problem solving or pairs problem solving, which encourages 
students to talk each other through problems, more directly engages 
students in developing their mathematics skills. Too often the teacher 
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works solutions but does not provide a model of the decisions that 
have to be made in the problem-solving process. If mathematics instruc- 
tion becomes a matter of teacher coaching rather than attempting 
to impose a specific problem-solving strategy, the greater is the proba- 
bility that students will arrive at the appropriate strategy for problem 
solving. 

Facilitating improvements in science performance seems to be most 
closely related to providing more hands-on experience for students and 
to utilizing a multi-media approach to presenting information. Another 
pervasive factor is the level at which the student identifies with the 
attitudes and aptitudes of the teacher. Teachers who are able to create 
a linkage between themselves and their students help smdents to recognize 
their potential for satisfaction and success in the sciences. 

The Science Report Card (Mullis and Jenkins, 1988) and numer- 
ous other studies illustrate a substantial deficiency in the amount of 
hands-on experience that students receive in elementary school. These 
experimental omissions are especially handicapping for minority and 
fenaale students. At all levels of science education, the emphasis needs 
to be on direct experience of the process and methods of science. 
Although the history of science is based on the efforts of individuals 
to discover underlying principles of nature, science has evolved away 
from the lone researcher and is now based more on the efforts of 
a research team. Methods of teaching science should reflect the way 
that higher levels of science are currently being performed. 

In college-level science, as in earlier educational levels, the hands- 
on component is critical to understanding the material. The recently 
released Report on NSF Disciplinary Workshops on Undergraduate Edu- 
cation (National Science Foundation, 1989) identifies the laboratory 
as the most critical element of instruction and decries the encyclopedic 
nature of textbooks being produced. The report further identifies that 
introductory courses in each discipline are the ones most in need of 
critical review and revision, while laboratory portions of the courses 
should incorporate new technology (computers and computer-based 
monitoring) and provide more open-ended experiences. The report 
calls for science faculty to teach less detail with more challenging ex- 
periences that create a sense of excitement about the subject. 

In order for minority and female students to choose careers in 
mathematics, science, and applied technologies, which represent non- 
tradirional occupations for both groups, there must be more than just 
an improvement in teaching strategies and methods. One of the 
strongest components in encouraging students to pursue these career 
areas has been the establishment of mentoring systems and peer net- 
works. A number of projects have demonstrated that a personal sup- 
port system is a critical element in sustaining interest and progress. 

A promising family education model can be found in the National 
Urban Coalition's YES program in Washington, D.C. and Houston, 
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which focuses on K'6 students and their families. YES is a Saturday 
program that allows participants, from grandparents to small chil^ 
dren, to explore hands-on topics in mathematics and science. Resi- 
dent academic summer camp programs that providv enrichment ac- 
tivities to extend the mathematics, science, and computer skills of 
middle school and high school students have been successful in get- 
ring student; to continue their education ai.J have contributed to 
their success in college. 

Summer bridge programs that bring high school students into 
college and, with scholarship or work^study support, allow them to 
rake college classes, do research, or prepare for SAT tests are cur^ 
rently being provided by many colleges across the country. Some 
programs are for gifted students, others for underprepared students, 
and a few include both. The Dubois Program in New Jersey is a 
variation that teaches Black culture and leadership skills to gifted 
Black students. 

The Future 

The community, technical, or junior college is uniquely placed 
in the structure of national public education to take a leadership role 
in increasing the access to careers in science and mathematics for minori- 
ties and women. C-^mmunity colleges are open-entry institutions and 
are the most common starting point for these groups in higher educa- 
tion. These colleges provide courses that are equivalent to those that 
students generally do not take in high school, as well as college courses 
that transfer to four-year institutions. Most community colleges have 
developmental programs to increase basic skills in reading, mathematics, 
writing, and science. Of equal importance are the diversity of 
community colleges' student populations and the 'ower cost per credit 
hour. 

In addition to the coursework that community colleges can pro- 
vide directly, they have a unique capacity to establish working part- 
nerships with the public schools to jointly provide new opportunities 
for students. Through partnerships, some or all of the early "acqu.red 
disadvantages'' can be reduced. Proactive projects aimed at academic 
enrichment in elementary and secondary education are as important 
as developmental education for adults and will increase in importance 
if their effectiveness is demonstrated. 

The future of minorities and women in mathematics and science 
may be brighter today than it has been in the past» if for no other 
reason than that we are specifically and deeply concerned about their 
participation. This concern, if translated to proactive curriculum 
revision focused to remove barriers and to provide support systems, 
can produce both a better-informed citizenry and a number of 
new professionals by the end of this century. It is not sufficient merely 
to improve either the academic side or the support system, be- 
cause both are critical for the successful participation of the more 

ERIC 



relational members of our society in these less humanistically based 
disciplines. Where choice is involved, human needs have to be ad- 
dressed. In the case of women and minorities, a large part of that 
need is for a sense of full membership in scientific and mathematical 
communities. 
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THE URBAN CLIMATE AND 
STRATEGIES FOR INTERVENTION 

By Tom hooe 

Profmor oj Biology 
Community Cvlkfic of Rahmorv, Kkryland 



The crisis in mathematics and -science offers community 
colleges a challenge as well as a unique opportunity to 
provide leadership during this crucial period in which 
the nation's economic well-being and, some say, ir - ^ery 

I 1 existence are threatened. Urban community u 

must not only provide instructional services for students from diverse 
backgrounds and with varying levels of preparation, but they must 
also address the issue of women and minority underrepresentation 
in mathematics and the sciences. 

New intervention strategies to improve mathematics and science 
education must be identified. Strategies should kindle and heighten 
interest within our students, including those who show little or no 
interest in these subjects. Educators, business professionals, and polit- 
ical leaders must work together to create programs to support all stu- 
dents, beginning in elementary school, through secondary school, and 
on to college completion. These graduates will become the nation's 
next generation of scientists, engineers, and teachers. 

Jobs and professions in our cities are changing from manufactur- 
ing and heavy industry to information, high-tech, and service occu- 
pations. As it has in the past the responsibility for developing the 
human potential of our cities will rest with the urhan community 
college. But in the future, college programs will need greater struc- 
ture, with heavy emphasis on mathematics, science, and technology. 
Universities will continue to provide access to the highly prepared 
urban high school graduate, but with elevated admission standards 
and high tuition costs, the "in doors'' will be shut to those less-prepared, 
especially the nontraditional older student looking for high-tech retrain- 
ing. Minorities and women, who for a variety of reasons have not 
developed mathematics and science skills, will become a forgotten. 



unemployed "hiajority unless the community colleges create programs 
to support, reinforce, and develop their potential. 

In a remarkable shift in the 1980s, businesses and industries moved 
back to urban locations from the suburbs. Corporate leaders found 
economic benefits in such moves through reduced taxation, proximi- 
ty to institutional resources, and an unlimited employment pool. This 
shift places demands on the urban community to provide businesses 
and industries with workers who are trained with technical skills. 
Universities will have the responsibility of training professionals for 
upper-level employment, but the urban community college must train 
the less well-prepared students for entry into the technical work force. 
High-tech industries such as biotechnology, telecommunications, com- 
puter information systems, and health sciences will demand technician- 
level employees with well-developed mathematics and science skills. 

But community colleges can't be expected to do it all. The poor 
mathematics preparation of high school graduates, with many needing 
extensive remedial work in arithmetic and algebra, is ample proof that the 
crisis in mathematics and .science occurs long before students enter the 
community college. A 1986 Ford Foundation report underlined the serious- 
ness of the dilemma facing our education system, finding that approxi- 
mately 90 percent of all entering students required some form of remedial 
mathematics education (Richardson and Bender, 1986). A number of inter- 
nal and external factors have contributed to the mathematics-science crisis. 

Internal Factors: Students and the 
Community 

The characteristics of its students and the community it serves 
determine much of the nature and program structure of the urban 
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community college. Colleges must constantly assess and monitor their 
community needs so that they can provide programs, especially in science 
and mathematics, that meet student academic and employment needs. 

At the Community College of Baltimore, minority students are 
highly represented (making up 71 percent of total enrollment), while 
surrounding suburban community colleges are comprised of only 16 
percent minority students (Maryland State Board for Community Col- 
leges, 1989). A majority of ihe women enrolled in college are attend- 
ing community colleges (Hunt, Thomas, and Sears, 1980). In California, 
minority students constitute 36 percent of the enrollment in all of 
the colleges in the system (Chancellor's Office, 1985). 

The mean age of urban community college students indicates that 
many students are entering with special mathematics and science learn- 
ing needs. For example, the mean age of the Maryland community 
college student population is 27 years (Maryland State Board for Com- 
munity Colleges, 1989). Mary of these students come to the commu- 
nity college for retraining and have large gaps in their educational 
backgrounds. Their lack of recent educational experience presents great 
problems to mathematics and science teachers, and special programs 
arc often necessary to teach mathematics and science skills never ac- 
quired or to reinstate those lost through years of neglect. 

As community colleges approach maturity (30-plus years), a sec- 
ond internal factor also precipitates the mathematics-science crisis: aging 
facilities and antiquated laboratories. A National Science Board re- 
port (1986) states chat two-year institutions in the United States are 
beset by serious deficiencies in the amount and condition of appara- 
tus and equipment. These deficiencies certainly affect curricula in in- 
troductory science and mathematics courses, which are the base for 
developing prospective science and mathematics majors. 

In California, for example, 40 percent of all lecture and science 
laboratory facilities and 42 percent of support facilities are 20 years 
old. Studies of equipment show that 67 percent are seriously out-of- 
date, with only 4 percent considered "state-of-the-art" (Chancellor's 
Office, 1985). 

The Community College of Baltimore suffers from the same ag- 
ing process, with total equipment assets placing it in the lower third 
of all state community colleges (Maryland State B:;ard for Communi 
ty Colleges, 1989). Aging laboratories and less than adequate supplies 
and equipment might also contribute to the low enrollments in natu- 
ral science, engineering transfer, and computer science programs. Less 
than 10 percent of all Maryland students elect natural sciences^ en- 
gineering, and computer science as programs of study (Maryland State 
Board for Community Colleges, 1989). 

The underrepresentation of minonty faculty m urban community 
colleges is also not conducive to the future development of minority 



scientists and technicians. In Maryland, community college faculties 
are presently comprised of 90 percent White and 10 percent minority 
professor. While minority students enrolled in Maryland's commu- 
nity college system exceed 17 percent, the Community College o' Bal- 
timore has a 71 percent minority enrollment (Maryland State Board 
for Community Colleges, 1989). This disparity jeopardizes the educa- 
tional proCv»ss since not enough minority faculty are available to serve 
as role models and mentors for these students. 

At present, it doesn^t appear that the situation will get better, 
since the number of prospective minority faculty in the pipeline is 
low. Blacks earned fewer advanced degrees in 1985 than in 1977, and 
the number of master's degrees awarded to Blacks was down 34 per- 
cent in 1985 (Linthicum, 1989). This phenomenon is even more acute 
in mathematics and science. Of all the doctorates awarded in mathemat- 
ics in 1988, only 7 percent went to minority men and women (Leary, 
1989). 

Teachers themselves might serve as barriers to achievement in 
science and mathematics due to low standards set for student per- 
formance. Many yardsticks are needed to measure effective teaching; 
however, academic preparation ard the ability to present material in 
a challenging and enthusiastic way cannot be overlooked. Communi- 
ty colleges have a reputation for excellence in teaching due to their 
receptivity and commitment to satisfying specific student needs. 
Nevertheless, from time to time students complain about boring lec- 
tures, insensitive and unapproachable teachers, and the academic prepa- 
ration of their teachers. Community colleges must never be guilty 
of not challenging students in mathematics and science, nor should 
they be guilty of not advising students into advanced courses in science 
and mathematics. President Bush supports the idea that if schools 
are to improve, we must demand higher academic standards for our 
students and for our parents, teachers, and principals. 

Along with the decline in academic preparation of incoming ur- 
ban community college students, other internal factors also heighten 
the mathematics-science crisis. Most urban public school students lose 
interest in studying mathematics and science beginning in junior high 
school. From the eighth grade on, the number of students taking 
mathematics decreased by one half for each year of schooling, result- 
ing in fewer and fewer students taking courses important for techni- 
cal careers (Leary, 1989). In secondary schools, many students do not 
see the need to study mathematics, or they lose interest and conse- 
quently shut themselves off from many careers that demand maihe- 
matical skills. 

A 1987 survey by the Arkansas Department of Education found 
that in the state's high schools, Blacks were significantly u:iderrepre- 
sented in mathematics beyond Algebra 1 and in college preparatory 
science courses (Wavering and Watson, 1987). Furthermore, the survey 
found that minonty students typically take courses in general mathematics. 
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and physical science to fulfill requirements for graduation. Unfortunately, 
these courses do little to enhance mathematics and science preparation. 

Current instructional methodology and curricular design in our 
public schools do little to stimulate study in science and mathematics, 
hi 1986 William Bennett, then Secretary of Education, criticized in- 
structional practices in our schools: 

In three major studies, the National Science Foundation found 
that most science education follows the traditional practice: 
"At all grade levels, the predominant method of teaching was 
recitation (discussion) with the teacher in control, supplement- 
ing the lesson with new information (lecturing). The key to 
the information and basis for reading assignments was the 
textbook.*' If science is presented like this, is it any wonder 
that children's natural curiosity about their physical world 
turns into boredom by the time they leave grade school— and 
into dangerous ignorance later on.^ (Bennett, 1986, p. 27). 

While community colleges need to examine their curricula and 
instructional techniques to ensure that students are prepared to make 
the transition to college work, encouragement and support for the 
study of mathematics and science must begin in the public schools. 

Only 13 percent of incoming high school students were encouraged 
by teachers and counselors to take science and mathematics courses 
in public schools. This small percentage is particularly distressing since 
students who take more high scl ool science achieve greater success 
in courses at community colleges (Friedlander, 1981). 

The lack of science development in our urban youth begins at 
an early age. Even though Blacks and Hispanics have shown gains 
in science proficiency in the past nine years, they are still four years 
behind their White counterparts. Two-thirds of third-grade students 
spend less than two hours per week on science study, and the majori- 
ty of students are not getting experience with hands-on science (Mul- 
lins and Jenkins, 1988). 

External Factors Influencing the 
Mathematlca-Sclence Crisis 

Urban students are confron* *d with a number of external factors 
that hinder their mathematics and science development. These students 
are typically from lower socioeconomic groups, and there are many 
cultural and social factors that provide negative reinforcement for 
scholarship, especially in the areas of mathematics and science. Prob- 
ably no other factor has greater effect than that of attrition and non- 
attendance. Whatever the reason, be it earlv marriage, jobs for family 
support, or teenage pregnancy, if students do not stay in school, their 
development will be severely hampered. Minority drop-out rates ex- 
ceeded 25 percent in a 1987 study (National Science Foundation, 1987). 



Parental involvement and the family can have a positive effect 
on mathematics and science achievement (Mullins and Jenkins, 1988). 
Time spent in conversation about school significantly influences stu- 
dent success, as does the provision of books and instructional materi- 
als. Yet, many urban students are not getting this educational sup- 
port in the home. Similarly, many urban students do not get parental 
and family support for considering postsecondary study, and many 
do not see science or mathematics as important in their educational 
and occupational futures (National Academy of Science, 1987). 

Popular culture, in the form of television, also serves as a detractor 
from achievement in mathematics and science. Students do not see 
scientists or mathematicians portrayed in positive roles; they see high 
technology presented as either evil or laughable. This must have an 
effect on children not selecting science or mathematics careers (Task 
Force on Women..., 1988). Television viewing has been shown to 
be a negative influence on science achievement. Students viewing six 
hours per day have significantly lower achievement scores in science 
aptitude (Mullis and Jenkins, 1988). 

Interventions for Development and 
Recovery 

Cities and their educational institutions must make a commitment 
to the development of their human resources, not just for today, but 
also for tomorrow. Solving the problem of training our people for 
the high technology of the future does not rest in past academic dog- 
ma, but requires a commitment to making logical interventions that 
will lead to the healthy development of our institutions and our students. 

Monaghan (1989) pointed to the global aspect needed to solve 
our education problems: 

To maintain our country's economic position in an increas- 
ingly competitive world, to contribute to the solution of our 
own domestic problems, and because it is right, we must bring 
the best, at all levels of education, to all of our citizens 
(p. A-26). 

Urban community colleges can initiate solutions to the mathematics- 
science crisis since they already have structures and relationships that 
will expedite the process. Community colleges by their very commit- 
ment to undergraduate education can provide the resources necessary 
to intervene with a diversity of programs. 

Bridge programs and 2+2 articulations are already in place and 
with expan. on could supply the early support to secondary students 
to encouragu their persistence in the .study of science and mathemat- 
ics. Most community colleges also have extensive developmental pro- 
grams in science and mathematics that could be used to support teachers 
and students in public education. 
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Community colleges also have been leaders in developing rela- 
tionships with businesses and corporations for vocational and techni- 
cal programs. These relationships could be further developed to cre- 
ate pipelines from the junior high schools to secondary schools and 
on to community colleges for entry into the high-tech work force. 
The National Science Foundation has recognized the need for finan- 
cial support of community colleges and has developed recommenda- 
tions for improving mathematics and science education that will fur- 
ther the community college's ability lo address and solve the problem. 

For urban minority students to succeed in higher education, they 
must have access to certain basic components that will ensure their 
success: 

• Early interveniion in the public schools to strengthen preparation 

• Summer ^'bridge" programs to accustom minority students to 
college-level coursework 

• Special orientation programs 

• Tailored financial aid programs 

• Strong academic assessment programs coupled with courses to 
offset gaps in preparation 

• Adequate tutoring services and learning laboratories (Richard- 
son, 1989) 

in spite of tight budgetary constraints, urban community colleges 
must find fiscal resources for the intervention strategies that will solve 
the mathematics-science crisis. The first strategy includes faculty de- 
velopment, recruitment, and minority representation. Government and 
institutional programs must be instituted to upgrade professors in ur- 
ban community colleges. Programs that involve professors in mathemat- 
ics, science, computer science, technologies with current advancements, 
and innovative instructional methodologies can ensure that we have 
thv best of the best teaching our urban students. Faculty members 
must be sensitive to the T^?cial needs of their students and should 
not imitate the style or methods of teaching that most have been 
exposed to in their education. 

Although little research exists that specifically relates to commu- 
nity colleges, several recent studies offer some bright spots. The work 
of John Roueche and George Baker at the University of Texas at 
Austin recognizes the uni^ue community college structure, its lead- 
ers, and its curricula, and the National Institute for Staff and Or- 
ganizational Development and the Community College Leadership 
Program are collecting baseline data. From this beginning, new pro- 
grams might be developed that could focus on training professors and 
administrators specifically for community colleges. As recommendod 



in many states, community colleges could develop programs in col- 
laboration with universities to increase the pool of professors. Such 
a collaborative program might begin in the community college with 
transfer to a five-year B.A./M.A. program at the university that would 
also include a year's teaching internship. Articulation with the university 
for the doctorate would add another dimension. 

The development of minority faculty in mathematics and science 
also needs to be given top priority. Some states have already initiated 
programs to accomplish this goal, using both short- and long-term 
strategies. Minority fellowships, summer programs, alliances with Black 
professional organizations, faculty exchanges, minority job banks, and 
high school programs are just a few programs needed to increase the 
numbers of minority faculty in the pipeline. 

Colleges need to develop and restructure curricula and instruc- 
tional design to ensure recruitment and retention in mathematics and 
science programs. Students must not ger turned off early by didactic 
and irrelevant instruction, but must be involved creatively with their 
courses and see them as preparation for life experiences and voca- 
tions. Traditional instruction must be improved, and new strategies 
must involve students in study that meets the following criteria: it 
is competency-based; the courseload is controlled for less-prepared stu- 
dents; and science instruction is integrated with developmental edu- 
cation (Friedlander, I "^1). 

Teachers, according to Finster (1988), must understand the de- 
velopmental level of students and involve them with critical thinking 
exercises, instead of just amassing information. He suggests that good 
science teaching must challenge the way students think while at the 
same time providing them with mental and emotional tools to resolve 
the dilemmas they face. 

Researchers believe we are doing a disservice to our less-well- 
prepared urban science and mathematics students by setting only min- 
imal levels of competence for mathematics and science. Students should 
be given mathematics problems that challenge the upper level of their 
competence. This challenge should be followed with instructional strate- 
gies that include working in teains, prep time for teachers, and guid- 
ance in student personnel interaction (Dancis, 1988). 

Urban stuJents need exposure early in life to hands-on exploring 
and questioning in science, along with learning experiences that main- 
tain a balance between challenge and frustration (Gordon and others, 
1986). Outreach programs initiated by urban community colleges must 
encourage reform in public schools in science and mathematics 
instruction. 

Outreach to secondiirv schools must also be considered a strategy 
for intervention t(^ solve the mathematics-science crisis. Whether pro- 
grams are termed tech-prep, public school articulation, alliances, or 
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collaboration, all must address the issues involved with urban com- 
munity colleges developing supportive programs with public educa- 
tion. Many universities also have initiated summer programs for high 
school minorities to attract them to the science and engineering profes- 
sions (Gordon and others, 1986). 

The Ford Foundation has been instrumental in establishing col- 
laborations in 1 1 cities to bring together high school mathematics 
teachers with professional mathematicians from higher education and 
industry. These collaborative efforts enhance the training of public 
educators in mathematics by involving them in workshops, sympo- 
sia, and curriculum projects (Romberg and others, 1987). A model 
for high schoi^l and community college articulation that has been struc- 
tured in Sacramento might be used by other community colleges 
throughout the nation (Wellsfry and Rosen, 19^6). 

Outreach activities initiated by community colleges must be ex- 
panded and further developed to involve parents, the corporate com- 
munity, public educators, and state and local governments. Students 
must not be lost from mathematics and science study early in their 
educational careers, and only collaborative efforts will ensure that they 
are not. 

All involved with mathematics and science education mus*" ?sk: 
Arc we accomplishing enough intervention to save the patient? The 
answer is obvious since many of the end products of our efforts in 
mathematics and science education are still not where we wish them 
to be. We must persist in our support for programs to develop faculty, 
improve instruction, and reinforce outreach. There must be more energy 
and directed concern for solving this crisis situation in our community 
colleges. 

Burnham (1981) underlined just how important solving this crisis is: 

Without a greater coiuern for meeting the future head-on 
in a systematic, comprehensive, humane, and serious man- 
ner, contact with the real world and our children and future 
well-being could be lost (p. 7). 
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MATHEMATICS AND SCIENCE 
CRISIS: IMPLICATIONS FOR 
EDUCATIONAL LEADERS OF 
URBAN COMMUNITY COLLEGES 

By Wright l. Lassiter, Jr. 

President 
t/ Centra College, Texas 



Our nation's leadership in science and mathematics is 
at the heart of the country's economic strength, its 
national security, and the cultural heritage of its people 
as explorers and innovators. While the U.S, science 
and technology enterprise still leads the world, we 

are losing ground consistently. Moreover, there is no national agenda 
to reverse the gradual decline. 

Vital and challenging questions, however, are being raised that 
will address our search for ways to make incremental improvements 
in areas critical to our national economy. The following questions 
arc crucial: 

• How will the national nef ds for science and technology be satisfied 
for this last decade of the 20th century and beyond? 

^ ^ ho will produce the higher skills required for most occupa- 
ur.i.s, pirtic'larly those that are growing the fastest.^ Of all the 
MCA' jobs exoected in the 1 Ws, over half of them will require 
soK'^e education beyond hig i school, and almost a third will 
be filled by college graduatrs. 



The answer to both of thes» questions will be determined by 
the nature of the contributions made by Ai.ierica^s community, tech- 
nical, and junior colleges. The leaders of these two-year institutions 
will, to a great extent, shape the quality of their contributions. As 
has been the case with other postsecondary institution leaders, the 
urban community college leaders have embraced the mathematics- 
science crisis in rhetoric and action, Smce there is no comprehensive 



plan to meet the demand for skilled workers, community college leaders 
are working with business leaders to provide the technical talent that 
they need to compete. In spite of these collaborative efforts, we need 
to do more. 

Government officials acknowledge the immediate need to improve 
the quaky of education and training of future workers, but also 
claim that budget pressures prevent m adequate respc-nse. In a speech 
before the Council of Scientific Society Presidents cn December 6, 
1988, Secretary of Education Lauro Cavazos presented a somber 
perspective: 

Students in this country are not learnin^^ much about science 
and mathematics. In science, our best high school students— 
those students who are going on to college, for example- 
ranked near the bottom of students in 13 countries in vhemis- 
try and in physics. In biology, my own field, they were last. 

. . .our students don't stack up in international comparisons, 
nor do they learn much that they can absorb in absolute 
terms. Fewer than half of them appear to know enough about 
science to perform jobs that require technical skills or to benefit 
substantially from specialized, on-the-job training. Fewer than 
half seem to be adequately prepared in science for informed 
participation in the nation's civic affairs (1989. p. 108). 

The severe underrepreseiuation of Blacks, Puerto Ricans, Mexican 
Americans, Native Americans, and women in science- and mathematics- 
based farcers has b en documented in many reports and publications. 
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There are indications that the underrepresentation of this large seg- 
ment of the U.S. population is a clear threat to the nation's world 
leadership in the development of sophisticated technology. The need 
for science and technology manpower, as well as the need for public 
school, college, and university teachers in those disciplines, can only 
be met if the United States uses all available human resources. Women 
and minorities constitute a significant and virtually untapped man- 
power resource. Therefore, increasing the number of minority scien- 
tists, mathematicians, and engineers will greatly enhance the nation's 
ability to meet future manpower needs. 

Call for Leadership from Urban 
Community College Presidents 

it appears we never learn from history. When the Soviet Union 
put the first Sputnik in orbit, there was an outcry concerning our 
public schools' mathematics and science programs. The outcry resulted 
in a national commitment to improvement. Today's setting has many 
of the same features that were prevalent during the late l$50s. 

Additionally, many of the nation's problems requirg/tnnovative 
and creative solutions. Since diversity has an enriching effect, the 
efforts of individuals with varying views and perspectives are more 
likely to lead to a comprehensive approach to solving complex scien- 
tific and technological problems. When one considers improving the 
human condition, careers in science, mathematics, and engineering 
are among the most fulfilling and the most lucrative of professions. 
In a democratic society, all citizens should have an equal opportunity 
to pursue careers of their choice and to enhance their quality of life 
by participating in the top professions. 

In nearly all of his public presentations. Secretary Cavazos high- 
lights this disturbing trend in our nation: 

Just as there arc major education deficits, as relates to science 
and mathematics, affecting all students regardless of ethni- 
city, it is more critical for the nation's ethnic minorities. When 
compared with Anglo juniors in high school, only half 
as many Black and Hispanic juniors can perform junior-high- 
level tasks in mathematics, such as calculating the area of a 
rectangle. The ethnic gap is even wider in science. Only 
about half of the Anglo juniors can evaluate experiments, in- 
terpret t?xt and graphs, and understand basic principles of 
physical concepts, bu' fewer than \b percent of Black stu- 
dents or Hispanic students can do these same things (1989, 
p. 109). 

Something must be done about this alarming dilemma. The ap- 
proaches must start with a national focus; however, there is a press- 
ing need for a heightened level of educational leadership from all sec- 
tors of education. Collaboration is an imperative. 



The noted writer Carl Sagan underscores the problem and adds 
an additional critical dimension: passion and interest on the part of 
our youth. 

All over America there are smart, even gifted, people who 
have a built-in passion for science. But that passion is unre- 
quited (1989, p. 43). 

He cogently argues from the same pulpit as Cavazos: 

We live in a society exquisitely dependent on science and tech- 
nology, in which hardly anyone knows anything about science 
and technology. This is a clear prescription for disaster. It 
is dangerous and stupid for us to remain ignorant about global 
warming. . .or ozone depletion, toxic and radioactive wastes, 
acid rain. Jobs and wages depend on science and technology. 
If the United States can manufacture, at high quality and 
low price, products people want to buy, then industries will 
drift out of the United States and transfer a little prosperity 
to another part of the world. Because of the low birth rate 
in the '60s and '70s, the National Science Foundation projects 
a shortage of nearly a million professional scientist*, and en- 
gineers by 2010 (p. 44). 

Issues of social welfare, national security, and social justice are 
also introduced by Sagan with the somber question: Where will the 
needed scientists come from? He asks 

What about fusion, supercomputers, abortion, massive reduc- 
tions in strategic weapons, addiction, high-resolution TV, air- 
line and airport safety, food additives, animal rights, super- 
conductivity, Midgetman vs. rail-garrison MX missiles, going 
to Mars, finding cures for AIDS and cancer? How can we 
decide national policy if we don't understand the underlying 
issues (p. 44).' 

As educators we must articulate the premise that science is much 
more than a body of knowledge. It is a way of thinking, which is 
critical to its success. Science invites us to let the facts in. It causes 
us to consider alternatives. Science also results in the most rigorous, 
skeptical scrutiny of new ideas as well as established wisdom. As edu- 
cators our task is not just to train and prepare more scientists, but 
also to deepen public understanding of science. 

Jacquelynne Eccles, professor of psychology at the University of 
Colorado at Boulder, has conducted interesting research that seeks 
to provide answers to the question of the gross underrepresentation 
of women in the sciences. Her research places a major share of the 
responsibility for the ^'science gender gap" at the feet of parents. Her 
studies, coupled with similar studies by Lauren Solzniak of the Univer- 
sity of Chicago and Marcia Linn of the University of California at 
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Berkeley, point to girls being discouraged from pursuing technical studies 
and, subsequently, technical careers. The research data reveal that 
girls suffer from a lack of belief in their own ability to perform well 
in the arena of science and mathematics. 

The Rev. Jesse Jackson supports the view of Sagan and the research- 
ers when he argues for ''cultivating an appetite for learning." It is 
his view that the forces of environment are not exclusively to blame 
for the current disturbing trends. Citing past practices and trends in 
the pre-integration era, he cites personal instances where, in an en- 
vironment of lowly circumstances but high expectations, meager sup- 
plies but brilliant hopes, his desire to learn was cultivated. This is 
a major challenge for the educational system of this nation, as well 
as for the parents of our youth. 

Outreach Programs 

The state of Texas is acutely aware of the problems -associated 
with the paucity of students pursuing studies and careers in science 
and technology. Procedures were started two years ago to test incom- 
ing college students through the Texas Academic Skills Program, so 
that they could be identified and placed in remedial courses to bring 
them up to college level. Yet, that is not enough. There is a resound- 
ing call throughout the state for more and earlier intervention. 

Community college leaders are asserting that the task must start 
earlier if we are ro graduate more students capable of working in the 
technological fields of the future. Three areas are identified where 
institutions of higher learning can help public education and in turn 
help themselve.s: reducing the drop-out rate; getting more minorities 
into college; and recruiting more students into science fields. 

In each of these areas a window of opportunity exists for the leaders 
of urban community colleges. Outreach programs at the high school, 
middle school, and elementary school levels represent a level of in- 
volvement ideally suited for institutions that already have linkages 
with the public education sector. 

A number of Texas institutions have established outreach programs 
for high school students. One of the most ambitious is the Youth 0^ 
portunities Unlimited program, which brings 1,800 minority students 
to 14 college campuses each summer. vSvudents who have displayed ability 
but who are considered potential drop-outs participate in a work-study 
program in which they are taught study and career-planning skills. 

The University of North Texas also has pioneered the two-year- 
old Texas Academy of Mathematics and Science, where gifted stu- 
dents can simultpneously finish the last two years of high school and 
the first two years of college. The current class has 163 students. 
Statewide support is needed to help this program reach its projected 
student body of 400. 



It is strongly recommended in Texas that all colleges and univer- 
sities be held accountable by their governing boards to increase their 
contacts with public school students and introduce them to the wonders 
of college and university science laboratories. State legislators are boldly 
asserting that it is time to get out of the ivory tower and get more 
Texas youngsters into college in general and into science fields in par- 
ticular. They further argue that this effort should start in the middle 
school years and should include minority students who are currently 
underrepresented in Texas colleges and universities. The encouraging 
aspect of this development in Texas is that the clarion cry coming 
from educational leaders as well as public officials. 

The Dallas County Community College District has a program, 
now in its fourth year, whereby each of the seven colleges has 
^'adopted'' a middle school in its respective service area. During 
the current year, this adoption program has moved to a new level. 
The district's central ciry campus, El Centro College, has adopted 
a largely Hispanic area high school. The thrust of the partnership 
is to foster an interest in pursuing a college education, thereby de- 
terring drop-outs. 

In a collaborative effort with the Dallas Urban League and the 
Sequoyah Educational Center, El Centro College has begun the sec- 
ond year of the Young Scholars Exploration College. Through fund- 
ing from the Borden Foundation, El Centro College provided an in- 
tensive laboratory-based summer program for 24 Black and Hispanic 
fourth- and fifth-grade students on the college campus. The students 
were selected for the program by the science coordinator at the Se- 
quoyah Educational Center, who served as one of the program's in- 
structors. The program, designed to cultivate the study of science by 
students who had already demonstrated interest and ability, featured 
a variety of field trips. With increased funding, the second year of 
the program has been expanded to include third-grade students, bringing 
the total number of participants to 35. 

Texas Christian University, in collaboration with the Fort Worth 
Independent School District, implemented a week-long Junior University 
program last year. The initial grant of $25,000 was funded by the 
Aetna Foundation in Hartford, Connecticut. According to Richard 
Wachenreuter, program officer of the Aetna Foundation, the early 
intervention program was designed to increase the college-going rate 
of minority students. Aetna worked with The College Board's regional 
office in Austin, which chose Fort Worth as the prototype school 
district for the program. As a result of the early success of the pro- 
gram, the Aetna Foundation is providing $220,000 for five more pro- 
grams across the country, including $30,000 for Fort Worth. 

The Young Scholars Exploration College program is also part of 
a national thrust. The Borden Foundation initiated the ''Borden Ten 
Cities Program" in 1988, which provided $10,000 to an educational 
institution ihrough the auspices of the local Urban League affiliate 
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in each of the 10 cities where the Borden Corporation has a manufac- 
turing unit. 

Junior University and Young Scholars Exploration College try 
to blitz the youngsters with a mind'sct that says, **College is right 
for me." The question is not **Arc you going to college?'' but ''Where 
are you going to colleger' 

While both programs involved external funding and the use of 
a college unit to implement the program, each of the educational in- 
stitutions found it necessary to provide resources to meet the pro- 
gram's objectives. This is a dear implication for institutions who seek 
to engage in such outreach aaivities. There is the further implication 
of the need for a variety of o.gi^nizations to be involved in such projects 
in the future, from a funding standpoint. 

During the 1987-88 academic year, Springfield Technical Com- 
munity College, Massachusetts, initiated the Mentorship, Experimen- 
tation, and Tutoring Resources for Increasing Competence in Science 
(METRICS) program in cooperation with the Springfield Public Schools. 
METRICS attracted 88 students from four Springfield junior high 
schools in its first year. The program was designed to be an after 
school science club for 12 to 15 students at each junior high school 
to work on science projects with a club adviser for four hours per 
week during the school year. 

Funding for the program was provided by the Springfield Public 
Schools with the stipulation that METRICS be available to gifted 
and talented students with an emphasis on girls and minorities. The 
coordinator of the METRICS program reported that the program was 
successful in its first year. Evaluation from participating college faculty, 
club advisers, and parents indicated an overwhelming sense of satis- 
faction with the program. The commitment on the part of students 
to participate in an after-school program is a definite indication that 
there is an interest in science. 

Although there has not been the level and intensity of involve- 
ment at the National Science Foundation with community colleges 
or non-research colleges equal to the involvement with research univer- 
sities, small strides are being made. National Science and Technology 
Week (NSTW) is the Foundation's most visible effort reach young 
students. Each spring NSTW activities bring the wonuers of science 
and technology to thousands of students, their teachers, and their 
parents. 

The personal involvement of a senior official of the National Science 
Foundation in a unique, one-man Christmas show also speaks well 
of the agency. For 20 years Bassam Z. Shakhashiri has ushered in 
the Christmas season with a literal bang. His annual Christmas show, 
called **Once Upon a Christmas Cheery m the Lab of Shakhashiri,'' 
has captivated audiences of up to 600 youths and their parents with 



demonstrations of **the beauty, the magic, and the adventure" of 
science, often using ordinary household chemicals found in vinegar, 
laundry detergent, and disposable diapers. 

Shakhashiri, who is a chemistry professor at the University of 
Wisconsin at Madison and on leave as assistant director of the National 
Science Foundation, borrowed the idea for the Christmas show from 
Michael Faraday, the great English chemist and physicist whose Christ- 
mas science lectures for children were popular in the 1840s. 

In a recent interview, Shakhashiri acknowledged that he is sim- 
ply trying to share the excitement and joy of hands-on science. His 
idea is not to overwhelm the young people, but to capture their in- 
terest and to fuel their flame of curiosity. 

He is disturbed by an NSF estimate that the United States faces 
a cumulative shortfall of 450,000 native-born college graduates with 
bachelor's degrees in science, mathematics, and engineering by the 
year 2000 and a projected shortage of 8,000 scientists with doctorates 
by 2004. The interest and involvement of a senior official of the Na- 
tional Science Foundation could and should have a positive effect 
on a national science policy involving -'^e community college. 

Future Implications 

The demand for increased human resources in science and mathe- 
matics has never been greater. The present picture does not inspire 
confidence. National support for science has rarely been more uncer- 
tain than it is today. Among the unanswered questions: 

• What is the nation's commitment to science? 

• What is our national research plan or strategy.' 

• What is the nation's plan to attract and cultivate a greater level 
of involvement on the part of minorities and women in science 
and mathematics? 

The answers to these questions are not as clear as they were 30 
or 40 years ago. To bring science back to its proper place in society, 
we need to bring society back to science. We need a national plan 
and we need priorities, all of which are developed in conjunction with 
the key players in the education community. We need clearly articu- 
lated goals for science, technology, and education so that American 
citizens can see that th y have a stake in the outcomes. We need 
to set our fundamental national priorities as they relate to science 
in the realm of public policy debate and decision making. We are 
at n ciitical point in the development of science in this lountry. The 
demand for siientific resources has never been greater. The need for 
results>-both scientific and economic-has never been more pressing. 
The national leadership has never been more lacking. And the role 
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of urban community college leaders in the process of creating a new 
national consensus has never been more pivotal than it is today. 

As part of the national consensus forum, community college leaders 
can follow the example of Robert Bottoms, president of DePauw Univer- 
su^. Bottoms argues that a solution to the undersupply problem is to 
seek aid from different places. Two years ago he and 47 other presidents 
of highly competitive liberal arts colleges met at Oberlin College. They 
discovered that many Ph.D.s from the small research universities did 
their undergraduate work at small liberal arts schools. He and his col- 
leagues found that at one Midwestern state university there were moie 
Ph.D. candidates in chemistry than undergraduate majors in chemistry. 

That finding was significant for two reasons; First, industry and 
the National Science Foundation have tended to focus on the re- 
search institutions, neglecting the contributions of the liberal arts colleges 
or the role of community colleges in directing high-achieving students 
to upper-division institutions. Second, while the large universities, with 
200 or 300 students in a single class taught by a graduate student, 
can do an adequate job of teaching to committed students, it is hard 



for such schools to get young people interested in science or to main- 
tain their interest in science. 

Urban community colleges have the potential to improve the quality 
of life in cities and provide equality of opportunity for their residents, 
but there is the need for greater coordination and an infusion of gov- 
ernmental and private resources. As efforts are directed to creating 
a greater level of interest in science and mathematics on the part of 
minorities and women, the reality is that the urban two-year instinjtion 
represents the best hope for a generation of Americans that has vir- 
tually no other opportunity for education, training, and economic 
and social survival. 
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As serious and threatening as the U.S. decline in 
mathematics and the sciences already is, unless effec- 
tive corrective measures are begun immediately, the 
situation is going to get considerably worse. At a time 
i I when rapidly accelerating technology in almost all fields 

of employment cries out for increasing technical competence in the 
work force, a number of different factors, including demographics and 
lack of interest on the part of American students in pursuing careers 
in mathematics and the sciences, has resulted in fewer and fewer quali- 
fied people to meet the increasing skills needs. 

Community college physics teachers were told at the 1989 American 
Association of Physics Teachers (AAPT) meeting that if all current trends 
remain essentially the same, this nation will face a shortage of approxi- 
mately 700,000 scientists and engineers at the outset of the next century. 
And, as distressing as that prediction may be, it still is but a part of 
an even greater concern: the problem could become self-perpetuating 
and increasingly more severe a: our already scant supply of well-qualified 
mathematics and science teachers is further diminished when good teachers 
retire or leave the professiv>n for lucrative jobs in business and industry. 

While the impact of this exodus will be felt at all levels of educa- 
tion, it will probably most severely impact community colleges and 
secondary schools, where a large pool of relatively poorly paid, post- 
baccalaureate degree graduates are employed. The "brain drain" on 
this level of the education system would be catastrophic, affecting not 
only this generation of students but the next as well, because they 
would be taught by teachers who may be less qualified. There will 
be a shortage of teachers even if there were corrective strategies in 
place right now to solve the problem. 
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To further compound the problem, our youth have been turned 
off by the study of science as early as the third grade, and mathemat- 
ics follows shortly thereafter. The growing shortage of teachers in the 
sciences and mathematics will exacerbate the problem, as our youth 
become increasingly disenchanted by subjects presented by teachers 
who lack the background to deliver meaningful learning experiences. 
Where are we to get future teachers, let alone the scientists and en- 
gineers, who will be needed to solve the problems of increasing popu- 
lation, decreasing natural resources, conservation, and water and air 
pollution? 

Technological changes have led the way for societal changes 
throughout history. If we are to continue to advance as a society, 
we must become more scientifically and mathematically literate. We 
must be knowledgeable enough about the factors that affect our well- 
being to see and understand the direction n^- which we are going and 
to make the necessary corrections to insure <■ -survival. We have 
chosen in this country a system of education that aspires to bring 
all of its people up to a level of literacy that will help them, as an 
educated and informed electorate, v . have input on the direction the 
country chooses to take. We agree that this is the appropriate course 
of action, but we seem unwilling to assign adequate resources to reach 
this lofty goal. 

What role should the community college play in addressing and 
trying to solve this problem? Nationally 51 percent of all first-time 
freshmen college students are in community colleges. Twenty-two per- 
cent of the community college population are minorities, and over 
50 percent are women. The average age of the community college 
student is 28. 
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Traditionally, the White male population has been the primary 
source of entrants in science and mathematics careers, but it is neither 
desirable nor feasible to continue this trend. The minority popula- 
tion in this country is increasing, as is the number of people needed 
for scientific endeavors. It is clear that we can no longer rely on a 
decreasing segment of the population to supply us with the scientists 
and engineers of the future. To meet this need, we must, therefore, 
recruit heavily from the large pool of minorities and women who attend 
community colleges. 

It is also clear r^at the majority of our student population nation- 
wide is underprepared, for a variety of reasons, to pursue a course 
of study leading to degrees in mathematics, science, or engineering. 
How then should we deal with this dichotomy? First of all, we in 
the community college must more clearly define our role in the educa- 
tional process, and we should focus primarily on two areas. Because 
of the number of students we serve, we must play the major role 
in increasing the scientific literacy of our population. Furthermore, 
we must play a major role in developing future educators in the sciences 
and mathematics. We can do this by 

• Reaching out to junior and senior high school students, espe- 
cially those in irban areas, to introduce them to potential careers 
in the fields of science and mathematics 

• Developing curricula to support underprepared students so that 
they will be able to achieve a level of scientific and numerical 
literacy that will enable them to pursue careers in private in- 
dustry or continue their education at a transfer institution 

The community college's programs should not be clones of the 
four-year institution's programs, but must be designed to meet the 
needs of the community college student. Emphasis on learning and 
competency should be stressed, not transferability of credit. Greater 
emphasis must be placed on achieving a level of understanding of 
the material presented and less emphasis on how long it takes. For 
example, if it takes three semesters to effectively cover physics with 
calculus, then so be it. What docs it matter that such a course of 
study receives 10, 11, or 12 credits, other than as a bookkeeping 
tool? 

One ingredient that is often overlooked in any prescription to 
cure what ails our educational process is teacher effectiveness. While 
great technological advances have been made in areas outside educa- 
tion, those that are most often employed in the educational commu- 
nity are designed primarily to reduce the burden of grading for the 
teacher. At the recent AAPT conference for coir.munity colleges, a 
physics teacher from a large community college explained a process 
in which it was not necessary for him to assess his students' perfor- 
mances in labs. The student simply went to the computer and took 
a short test that was graded by the computer, and the score was 



entered in the student's record. When asked about how the teacher 
assessed the students' ability to express in writing what they had done, 
he said that he gave an essay question on each of his tests. 

The mimeograph machine was a great breakthrough for teachers, 
enabling them to prepare hand-outs for students and making their 
grading task easier. Unfortunately, it also relieved students of the respon- 
sibility of writing the problem or statement in their own format. They 
no longer had to decide how to best express the problem. Machine- 
grading technology has made it possible for teachers to expose more 
students to material, but are they really teaching better? Machine grad- 
ing and larger class sizes do not facilitate better teaching. The further 
removed we as teachers become from our students, the easier it is 
not ro face up to our responsibility to educate them. It is too easy 
to blame students when they can't answer a series of ''simple" multiple- 
choice questions, because we have documented that they are unable 
to recall these simple facts. 

What we do not, or refuse to, recognize is that the classes are 
boring and learning is not taking place, Mathematics and science faculty 
can easily fall into this trap since our subjects are quantifiable and 
do not deal in opinion, 

Wc in the teaching community, especially at the urban commu- 
nity college level, must be able to relate what we teach to the real 
world. Our students, most of them underprepared, have not been 
exposed to the mathematical and scientific relationships that govern 
our environment and, ultimately, govern us. All too often, we are 
trying to show the student how to shoe a horse without ever looking 
at a horse. Can it be that we teach this way because we don't know 
what a horse looks like either? Unfortunately, most of our students 
do not possess the formal reasoning skills needed to study science in 
the abstract. 

Formal reasoning is an acquired skill gained from exposure to 
growth-oriented education, an educational system in which one is called 
upon to discover and learn. Therefore, our educational process must 
be one of growth for students and not just a rite of passage to be 
endured until they reach the age where they can leave school and 
go to work. 

Students themselves must discover the laws of nature. We annot 
force them to learn these laws; we can only provide them with the 
opportunity to form the relationships, both scientific and social, that 
will help continue their growth outside the classroom. 

However, this is not an easy task. It requires more preparation 
and a higher level of teacher competence and confiJenwc. Therefore, 
teachers employed at the urban community college should be the best, 
They face the greatest challenge, and the aonomic future of our country 
may depend on how well they succeed in preparing students to function 
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in the 21st cen.ury. The task is made even more difficult because 
of the shortage of qualified teachers and increased class sizes that this 
shortage necessitates. We must recruit and support highly qualified 
teachers to work in this environment. Then we must continually search 
for new approaches to meet the needs of the undcrprcparcd student, 
and we need to limit the number of students in the classroom, even 
though smaller classes alone arc not the answer. 

We as teachers must develop new techniques to be used in class. 
In order to do this, we must be afforded the time to teach without 
having to sacrifice the quality of current instruction. We must de- 
velop more efficient as well as more effective means of presenting our 
material. Greater use of the computer and peer tutors in entry-level 
pre-college courses provide only a partial answer to the remediation 
workload. Technology alone is also not the answer. We have labora- 
tory equipment that would astonish researchers of only two decades 
ago, but the concepts to be illustrated are often clouded in mystery 
as the student deals with the complexity of the equipment. For exam- 
ple, the computer can take the data from a scientific experiment, per- 
form the calculations, and plot the graph for the student. It is often 
argued that these tasks are mundane, so why should we waste time 
doing them.^ And yet, we decry our population's inability to evaluate 
even the simplest set of information. As teachers, we must guard against 
our fascination with technology and make sure we use it to enhance 
understanding and not just to make our jobs easier. 

The final and most important aspect necessary to bring about 
a change in our educational system is for us to have the will. Our 
problems have been a long time in coming, and they cannot be solved 
by a quick fix. We need to do many things: 

• We have a shortage of technically educated people in all walks 
of life. This problem will persist until becoming (and remain- 
ing) a teacher in these fields is seen as a financially, intellectual- 
ly, and socially rewarding career. To begin to solve the prob- 
lem, we need qualified teachers and we need them in the 
classrooms now. We can reduce this immediate need by recruit- 
ing those who are ending their careers in industry or in the 
military and who have experience in technical fields. Their previ* 
ous experiences uill lend credibility to their teaching. 

• We should develop more programs on state and national levels 
that will fund scholarship opportunities for those interested in 
teaching careers. Such financial incentives could be in the form 
of student loans, which would not need to be repaid if the stu- 
dent served as a teacher in mathematics or in the sciences for 
a period of five years. 

• Recruiting efforts should begin in junior high ."school, much the 
same as we now do for athletics. There isn't a major college 
coach in the nation who doesn't know who his potential recruits 



are by the tenth grade, regardless of the sport. Shouldn't we 
be as interested in the students who will mold the future in 
the sciences? 

• Every analysis of the problem of scientific literacy specifies that 
we need to devote more time to hands-on learning. However, 
most high school laboratories are generally poorly equipped, 
and the exposure is limited to only one period per exercise. 
The laboratory experience at the community college is seen 
as less demanding and, therefore, less valuable, from a finan- 
cial standpoint, for the teachers involved. It is universally ac- 
cepted in postsecondary education that laboratory hours arc 
worth less credit for both the teacher and the student. Why, 
then, should a student take courses and a teacher teach in 
a situation in which they receive credit for one-half the time 
spent in class? Instead, they will be more inclined to pursue 
a program of study in which they receive one credit for every 
one hour spent in class per week per term. Short-sighted though 
it may be, their focus is on credit received, rather than learn- 
ing achieved. 

• Curriculum development should be undertaken at the state level, 
with representatives from each level of the education system 
participating. They should use the outcomes of several of the 
recent national and state studies, as well as input from national 
scientific and mathematics professional associations. Their tasks 
should be to develop a model and implementation strategies, 
not to study the studies. We are well aware of the problem; 
we know of the impending shortages. Short-range and long- 
range planning are needed. As an example, we probably do 
not need additional laboratory facilities unless we have people 
in the teaching pipelines to work in them. Buildings donlt teach; 
people do. Limited funding by all levels of government requires 
us to be efficient in both planning and utilization. 

This state-level task force should also take a loag look at text- 
books. Education in science and mathematics is a growth process, 
but growth is not achieved by forcing the student to remember a 
collection of unrelated or seemingly unrelated facts. 

Textbooks should foster that growth and not impede it. This pro- 
vision is almost nonexistent today. Project 2061, sponsored by the 
American Association for the Advancement of Science, in its assess- 
ment of the current situation, made the following observation about 
science textbooks and methods of instruction that are often tied to 
the textbook: *The present science textbooks and methods of instruc- 
tion, far from helping, often actually impede progress toward scientif- 
ic literacy" (1989, p. 14). 

Where do we go from here? We who are teaching at the urban 
Community college must make every effort to interest our students 
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in taking a wel^rounded course of study that includes mathematics 
and the sciences, including laboratory experiences. Furthermore, 
we must try to stress the importance of scientific literacy in our modem 
society to all students. And most importantly, we must become 
the most influential source of quality future educators. We need 
minorities and women with strong education backgrounds to enter 
the teaching profession. They are beginning their college education 
with us, and it is up to us to become a positive influence on their 
future. 



If we are to be a positive influence, we must make our product 
viable, interesting, useful, and understandable. Then we must do the 
best job we know how to do to prepare our students for success. 

Reference 

American Association for the Advancement of Science. Science for 
All Americans: A Project 2061 Report. Washington, D,C,: American 
Association for the Advancement of Science, 1989, 



vm. 

MANDATE FOR ACTION 



By Frank Cerrato 

Profcmr of Maihemaiics 
City Colk% oj ."an F^ancuco, California 



he American educational system has the potential to 
improve the general public's scientific literacy as well 
as to educate competent science and engineering profes- 
sionals; however, necessary educational reforms imple- 

I I mented during this decade will have a profound impact 

on our future technological, scientific, and economic competitiveness. 

Currently the pipeline of teachers to educate future scientists and 
engineers is drying up. The education system is underfunded, and 
demographic trends predict a dramatic change in the profile of new 
workers by the year 2000. Furthermore, the scientific literacy of the 
general public needs to be improved. A large number of students 
are dropping out or passing through the educational system unpre- 
pared or underprepared to make the successful transition to college. 
They lack the skills required for most occupations in our high-tech 
society. 

Notwithstanding th.^ reforms that have been initiated during the 
last five years to cope with these challenges, it is clear that a high 
tech and increasingly international economy will require continued 
restructuring of our educational system. Educational leaders must look 
for new strategies within and among educational institutions, as well 
as for joint, mutually beneficial ventures with private industry and 
government. 

Can the urban community collep implement reforms that will 
complement a mandate for change? The answer unequivocally is yes. 
Urban community colleges are in a unique position to reach out to 
the community because of their location and comprehensive curriculum. 

To be effective, the urban community colleges must provide pro- 
grams consistent with their mission and not let their fiber be torn 



by conflicting interest groups. Cooperative efforts must extend into 
the elementary schools to increase student interest in education. Urban 
colleges must provide instruction for teacher preparation and enrich- 
ment, as well as resiructure curriculum to improve mathematical and 
scientific literacy. They must work with the private sector to encourage 
political leaders to provide the funds necessary to renovate and build 
needed facilities in cheir service areas. 

Community college leaders must also assume the responsibility for 
developing programs that will produce graduates who become productive 
employees upon entering the job market. To assure the effectiveness of 
these programs, college leaders need to provide the necessary support ser- 
vices, including counseling, job placement, tutorial, and enabler 
programs. 

Effective mathematics and sciuice programs are needed now more 
than ever to develop the interdisciplinary thinking process that stu- 
dents must have to act as independently functioning choice makers. 
Literacy is also needed in these critical areas if one is to work and 
vote effectively in today's society. Consequently, the nation has come 
to a crossroads at which the education system must respond to a na- 
tional mandate for change. 

Mandate for Action 

J . Critical to any effective change n'ithin our educational system is 
the establishment of a national educational policy based upon a grass- 
roots consensus. An educational ''consortium'' should provide implemen- 
tation and evaluation strategies within geographic areas. The consor- 
tium should not exist to further analyze or define the problem, but 
rather to function as an action group with broad goals, reasonable 
timelines, and specific objectives. 
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The consortium must include community, political, and business 
leaders as well as public and private educators from all levels of edu- 
cation. The responsibilities of the consortium would include but not 
be limited to the following; 

• Developing an agenda for improving the quality of mathemat- 
ics and science education 

• Recognizing and rewarding excellence in teaching 

• Restructuring curriculum to emphasize mathematics and science 
in K'12 

• Strengthening mathematics, science, and technical education in 
community colleges 

• Establishing linkages between and among educational institu- 
tions to prevent isolation of teachers and projects 

• Recommending minimum standards for each discipline at each 
educational level-elementary, secondary, and postsecondary 

• Encouraging funding for teacher preparation and professional 
development 

• Developing summer institutes for high school students 

• Recommending the allocation of federal funds based upon need 
and ability to impact change 

2, Incrming the allocation ofhlational Science Foundation (l^SF) funds 
to community, technical, and junior colleges by 

• Broadening NSF program eligibility requirements to include com- 
munity colleges 

• Encouraging joint ventures between two-year and four-year 
institutions 

• Providing funds for laboratory equipment, curr»culum develop- 
ment, and research 

j. lm[)roiing the scientific literacy of the general public by 

• Developing an understanding and an appreciation of scientific 
research 

• Educating the portion of the American population that is not 
literate in science 



We also recommend the following; 
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Improving Scientists' Image. Scientists must work to improve the 
public's understanding of and appreciation for their disciplines. A por- 
tion of the general public lacks an understanding of the value of what 
scientists do and is skeptical of their motives. 

Faculty Cooperation, Community college faculty in the biological 
and physical sciences as well as in mathematics must meet periodical- 
ly to discuss student preparation and curriculum reform. 

Demographic Monitors, There must be continuous monitoring and 
evaluation of demographic trends and their implications on a declin- 
ing scientific and engineering work force. 

Competitive Salaries. School boards and local, state, and federal 
governments must work together to make teachers' salaries competi- 
tive with the private sector. While this should be accomplished across 
the board for all academic disciplines, it is imperative in the "hard- 
to-hirc" areas of mathematics and the sciences. The economic impact 
of living in particular geographic areas should also be a factor; state 
and federal governments must contribute funds to alleviate the dis- 
crepancies between rich and poor districts. 

Hiring of Competent Teachers, Leaders at all levels of education 
must be made aware of the importance of mathematics and science 
education in the curriculum. They must hire mathematics and science 
faculty who arc competent in these disciplines. 

Child Care Service. Providing child care is not a panacea, but the 
lack of child care is a significant factor in the high drop-out rate at all 
levels of education. All levels of government and the private sector must 
become partners with school systems in a naiionci program to pro- 
vide child care for working parents. This is especially necessary for 
the urban community colleges, which enroll a great number of single 
parents. 

Intensive Programs in Remedial Education, While our mandate has 
not changed, a significant part of the community we serve has. The 
community colleges are seeing greater numbers of students who have 
never studied. The remedial courses we offer were designed for the 
traditional **late bloomer," not the student buffeted by the negative 
distractions of the urban community— drugs, teenage pregnancy, early 
drop-out, and poverty. 

Leaders in education must provide support for special programs 
to meet the needs of all students unprepared and underprepared for 
college work. Programs with federal and private funding must be de- 
veloped and supported with rhe following objectives: increasing the 
number of student contact hours; depending heavily on tutors; 
incorporating how-to-study sessions and study groups; and including 
career counselors. 
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Administrators must recognize and be committed to intensive 
remedial programs that require reduced teaching loads and instruc- 
tional assistance. 

Governance, Each state must re-evaluate its role in the governance 
of its community colleges, In some states, such as California, where 
the majority of the operational funds that support community col- 
leges comes from the state, a transfer of governance to the state level 
should be considered, Outcomes of this change would be to set com- 
petitive salaries and criteria for hiring, to establish a standard curric- 
ulum, to develop intensive programs in remedial education, to insti- 
tute innovative faculty development programs, and to remove political 
influence from local boards. 

Kemrces. The funds to support urban community college pro- 
grams must come from the public and private sectors. Federal and 
state governments must support the urban community colleges with 
grants for specific proposals and with general funds for the colleges 
to improve their faculty and facilities, G ant funding for specific 
proposals must have some guarantee of continuance. If funds are 
granted to start a program or to cover costs for only a year or two, 
no matter how successful the program is, it will die, It sho::ld be 
the responsibility of the community college administration to review 
and evaluate programs to recommend the successful ones for per- 
manent funding. 

The private sector must be encouraged to increasingly involve it- 
self in special project grants for students and faculty and for general 
grants to upgrade obsolete equipment. An excellent example of spe- 
cial funding from industry is the Math Biidge Project at City College 
of San Francisco funded by Pacific Telesis. This program is designed 
to increase the number of Black and Hispanic students in mathemat- 
ics courses who transfer to a university system. 

InnoKativc Programs in Mathematics and Science fo. Faculty Develop- 
ment, The federal government, possibly through the National Science 
Foundation, must reinstate programs to stimulate and improve in- 
struction in the mathematics-science area. An organization is needed 
to serve as a clearinghouse of ideas— a national umbrella organization 
that will suf port innovative programs, evaluate them, and publish 
the results of both successful and unsuccessful efforts, h is essential 
that educators know what's hein^ tried, what's working, what's not 
working, and what's considered a success. 



Innovative Programs-the Private Sector, The private sector has and 
must continue to provide direction by pointing out the trends in in- 
dustry that influence community college course content. Programs 
should be developed whereby private sector representatives receive 
company-paid released time not only to contribute to curriculum de- 
velopment, but also to instruct or retrain faculty. 

The community colleges can strengthen their ties to the private 
sector by offering special courses designed to upgrade employees of 
a particular business. Reciprocally, the private sector can provide part- 
time, on-the-job training and scholarships to encourage continuing 
education. The more colleges that can link their students to business, 
the better the students' chances for success. 

Linkages with Schools and Universities. Community colleges must 
reach out to their colleagues in the elementary and secondary schools 
to achieve a smooth transition through all levels of the educational 
system. Likewise, the community colleges must articulate their pro- 
grams with universities to insure, through student follow-up, that their 
courses are preparing their students not only to enter, but also to 
succeed at the university level. An across-the-board cooperative ef- 
fort in the development and .oordination of curriculum will facilitate 
students' passage from one level of education to another. 

Another special problem for the urban community collep is the 
number of students from all over the world who enroll to begin or 
to continue their education. Urban colleges should develop methods 
of evaluating their past work to insure a smooth transinon from the 
community college to the university system. 

Community colleges can only be viewed as one vital part of the 
entire education system beginning with elementary school and end- 
ing with graduate school. As pointed out in 1989 by the National 
Research Council in Everybody Counts-A Report to the Nation on the 
Future of Mathematics Education, all major components of the educa- 
tional system-curriculum, teaching, and the assessment of human 
resources— must be considered ns a whole. This cooperative effort of 
government, education, and business identifies pn)blems, charts a gener- 
al course for the future, and outlines a national strategy for pursuing 
that course. 

This is the ideal for a long- an^e solution and the goal we must 
strive for. 



■IV 



'fl 



IX. 

NEEDED: AN APPLIED 
ACADEMICS PROGRAM 

BY DALE PARNELL 

Prcsidvnl 

Ami'riiun A^^iKiution oj (\mmumt\ and Junior (.W/t-^VN 



T' here arc at least four substantial enemies of excellence 
in the modern school and college mathematics and 
science curriculum. First, we have allowed the college- 
prep/'baccalaurcate-degree curriculum to be the one and 
i I only definition of excellence in education. Second, we 

have allowed the curriculum to become disconnected from real-life 
issues. The teaching and learning process in formal education is often 
accomplished outside the context of situations, activities, and real-life 
problems. Individuals learn best when they are taught in a context 
of application. Third, scant attention has been given in education 
to the subject of continuity in learning. American schools and col- 
leges have become a collection of disjointed parts that fail to connect. 
Fourth, little attention has been given, in defining educational excel- 
lence, to the pressing dilemma of how tu meet the great range of in- 
dividual differences among students. 

A college-prep/baccalaureate-degree math and science curriculum 
is certainly the road to excellence for many individuals, and our schools 
and colleges must help these students prepare for this direction in 
life better than ever before. Indeed, community colleges are actively 
pursuing programs to encourage and motivate more community 
college students to press on to the baccalaureate degree. But educa- 
tors at all levels must constantly be reminded that the majority of 
the population will never earn a collegiate-level baccalaureate degree. 
*Vhat about the nonbaccalaureate degree students? What kind of math 
and science can schools and colleges offer them? These students want 
and need an excelleni education, but one that is applicable to their 
talents and future. Is the educational crisis of the year 2000 being 
created today by continuing to insist on one definition of excellence 
and iDM.H thai one kind of educational program be applicable to all 
students? 
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Certainly students need more substance and structure in their school 
and college programs, but do they all need the same dose of theoreti- 
cal math and science subject matter? This philosophy has motivated 
other educational leaders into making statements about the quality 
of education by using the Scholastic Aptitude Test (SAT) as the ba- 
sis for value judgments, despite the admonitions of the College Board 
that SAT scores are not to be used to judge the quality of a school. 
It is a simple fact of life that when **C'' students begin taking the 
SATs, as an increasing number of students have been doing over 
the past decade, the national average will go down. Based solely upon 
SAT scores it would be easy to improve math and science education 
by simply controlling who takes the tests. 

Ko longer can we speak of the liberal arts versus the practical arts 
as though we live and learn in separate worlds. The students of ihe future 
will require both. Have we failed to match in any systematic way the 
goals of schooling with the real-life needs of individuals living in a 
knowledge-rich but application-poor society? Young people of today re- 
quire first-rate mathematics and science curricular alternatives that will 
prepare them for that r^xt step after high school—whether that step 
is toward work, an a* "s/viate degree, or a baccalaureate degree. The learning 
age demands more quality educational alternatives, and students desper- 
ately must understand the *'why,*' or the context, of learning. 

A casual observer of math and science instruction in American 
schools and colleges might conclude that educational excellence can 
only be achieved by making a majority of students feel like failures 
unable to cope with modern life. Anything less than a theoretical 
approach to math and science is viewed as second-rate. Few of the 
national educational reform studies provide workable solutions to the 
problem outlined 30 years ago by John W. Gardner (1984 11^611): 
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The importance of education is not limited to the higher orders 
of talent. A complex society is dependent every hour of every 
day upon the capacity of its people at every level to read and 
write, to make difficult judgments, and to act in the light 

of extensive information When there isn't a many-leveled 

base of trained talent on which to build, modern social and 
economic developments are simply impossible. And if that 
base wert to disappear suddenly in any complex society, the 
whole intricate interlocking mechanism would grind to a halt. 

The National Commission on Excellence in Education (1983) states 
our present dilemma in this straightforward way; 

More and more young people emerge from high school ready 
neither for college nor for work. This predicament becomes 
more acute as the knowledge base continues its rapid expan- 
sion, the number of traditional jobs shrinks, and new jobs 
demand greater sophistication and preparation. 

There is a considerable body of research indicating that people 
learn best when they are taught in the context of real life issues. Con- 
textual learning as carried out in an applied academics program pro- 
vides meaning for students and therefore the motivation to learn. 
The mismatch between what students learn in school and the appli- 
cation of learning has contributed greatly to the poor performance 
of many students. 

Cognitive science research is discovering that intelligence and com- 
petence are developed out of the interaction between obtaining knowl- 
edge and the application of knowledge. This notion challenges some 
of the time-honored shibboleths and distinctions in education: 

• Head and hand distinctions 

• Academic vs. vocational distinctions 

• Knowing and doing distinctions 



that in many parts of the world there is a wide chasm between edu- 
cation and the need for it in the world of work. 

William Raspberry, columnist for the Washington Post, comments 
in a graphic way about this problem; 

Add one more thing to the list of awful things we are doing 
to our young people. We are teaching them contempt for man- 
ual labor. ... We teach all our children as though we expect 

them to go to college and train for the professions We 

count it an insult to suggest to our children that they might 
think of a career as an electrician or a plumber or a transmis- 
sion specialist— not because these jobs don't pay enough (any- 
one who's had to have his car or his pipes fixed knows bet- 
ter) but because they lack prestige And we wonder why 

so many of them are wasting their lives as small-time hustlers 
or else killing themselves at such an alarming rate by traffick- 
ing in drugs (1984). 

V/hen will we learn in this country that we must meet the educa- 
tional needs of the neglected majority (75 percent in most places) of 
students who are not likely to earn a college baccalaureate degree? 
If the sole purpose of math and science education is to prepare stu- 
dents tor college baccalaureate degrees and graduate studies, our educa- 
tional system is a failure by design, leaving the majority of students 
unprepared for the good technician-level jobs of the future, or even 
the next step in education. 

A few math and science educators are recognizing and enhancing 
the talents of those students who will be working with their hands 
as well as their heads. But more, much more must be accomplished. 
Part of the answer lies in developing first-rate applied academics math 
and science programs, combining technical education with applied com- 
munication, applied physics, applied math, applied biochemistry, and 
the like. Such programs— drawing upon the shared' resources of high 
sch(X)ls, community ccjlleges, and industry— can help develop to a higher 
level a much needed world-class work force in the United States. 



• Education vs. training distinctions 

• Theoretical vs. applied knowledge di>tinctions 

Some 535 delegates, including 43 ministers of education, represent- 
ing 121 countries gathered in 1988 in Geneva, Switzerland under the 
sponsorship of UNESCO to consider the subject "Diversification of 
Postsecondary Education in Relation To Employment.'' The confer- 
ence participants concluded that postsecondary education in most coun- 
tries lacks a sufficiently practical focus. These officials voiced great 
concern that education, in too many instances, does not help stu- 
dents understand the real -life applications of their learning. Shiv 
Shanker, minister of human resource development in India, observed 



Although *Mearning to know" and ^'learning to do" in math and 
science instruction are too often separated, there is little long-lasting 
learning or understanding without connetnng the two. When class- 
room learning becomes detached from meaningful context, learning 
becomes only a process of learning rules and isolated facts. The stu- 
dent who experiences an educational program enabling him or her 
to see the connectedness of things will have an advantage over others. 

William Aldridge, executive director of the National Science 
Teachers Association, comments on the classical subject-by-subject ap- 
proach to teaching science and the need to better coordinate subject 
matter learning by helping students understand the ccmncvtedness of 
things: 

•in 
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The fundamental problem with high school biology, chemis- 
try, and physics courses is that they are not coordinated, are 
highly abstract and theoretical, do not spend enough time 
on each subject, and do nor use correct pedagogy. In short, 
we never give students the chance to understand science — 
Most people are able to learn physics, chemistry, biology, ge- 
ol )gy, and other related subjects. People can learn how these 
subjects apply to their lives and to society's problems. If we 
teach science to all students in a coordinated way from the 
concrete to the abstract, with practical applications, our fu- 
ture citizens will be more evidence-oriented. They will know 
how and when to ask questions, how to think critically, and 
then how to be able to make important decisions based on 
reason rather than on emotion or superstition. Science made 
understandable and accessible to all will also mean more and 
better scientists and engineers— and a different mix among 
them, including larger numbers of underrepresented groups 
such as women and minorities (1989). 

One of the disappointing aspects of the major reports on educa- 
tional reform is the scant attention given to continuity in learning, 
it is amazing that some students learn as much as they do, given the 
tremendous oaps in the substance of their learning as a result of ir- 
regular class aitendance and substantial breaks in learning. There is 
a close correlatii)n between a loss of continuity in learning and poor 
grades. In fact, .rregular class attendance is an early signal of course 
failure and eventual dropping out of the school or college. High-school 
principals rej: )rt that poor student attendance continues to remain 
one of the key problems affecting the quality of education in their 
schools. Yet, this subject has not received much attention in the re- 
form reports. In 1982 the National Center for Education Statistics, 
on behalf of the National Commission on Excellence, asked 571 school 
districts which policies or procedures were most important for improving 
academic achievement. Increased daily class attendance and improved 
continuity in learning were listed as most important by 66 percent 
of the sample and 90 percent of the urban school districts. 

It is a fairly safe bet that overall studerit achievement test scores 
in math and science would improve dramatically in most schools if 
student attendance patterns improved. On the skill-acquiring levels, con- 
tinuity in learning is extremely important. If the student misses one 
(^r two basic steps, the next steps bxome increasingly difficult to negotiate. 
As a consequence, one out of three or more students is constantly 
endeavoring to catch up. It is sad that most of these students spend 
the rest of their lives attempting to latch up and never rcLily do. 

Fred Hechinger, long-time observer of the American educational 
scene, has commented on the loss of continuity in learning: 

We are not very good at continuity., .as a result of that, 
American education during the past few decades has become 
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a collection of disjointed parts that in the main fail to con- 
nect — The lack of continuity that plagues American edu- 
cation is something that all of education noeds to address. 
Instead of connecting the separate levels, critics generally com- 
pound the spirit of separation by seeking scapegoats instead 
of remedies — If we want to reform the schools, two things 
are essential: continuity, all the way ur the line; and under- 
standing the '*why" of every single course. Read Bruno Bet- 
telheim on that. Whatever you teach, make the children un- 
derstand why they are studying it. Don't tell them: *'YouMI 
need it later.'' Later doesn't exist (1984). 

There are other important facets to the problem of continuity in 
learning in math and science education. America is a mobile society, and 
that very mobility has contributed to a tremendous loss of continuity 
in learning. An esrimateu 20 to 30 percent of public school students 
attend more than one school each year and experience a consequent 
loss of continuity. Schools by and large operate on the basis of local 
control and local autonomy. Consequently, the transient student rarely 
experiences the samt .Mrriculum m any two schools. Basically, the Ameri- 
can school system still operates as a cottage industry. From school to 
school, or college to college, instruvtors approach the curriculum differently 
and use different textbooks. The student is thrown into a new and 
often strange environment with a new teacher or teachers and a differ- 
ent curriculum, and told to sink or swim. The teacher will do' his or 
her best to help, but with an abundance of other students needing 
help he or she has little time to devote to individualized learning. The 
loss of learning continuity in a highly mobile society remains a signifi- 
cant barrier to achieving excellence in math and science education. 

Other gaps cause loss of continuity in learning. How about the 
gap between high schools and colleges? For some students this gap 
must seem like the Grand Canyon, rather than a gentle dip. A chasm 
also exists between high-school and college math and science faculty. 
Some of this distance can be attributed to structure, which inhibits 
communication. High school instructors talk with high school instruc- 
tors, community college instructors talk with community college in- 
structors, and university instructors talk with university instructors. 
It is only through much effort that the educational communication 
lines are crossed up and down the ranks. 

Unlike European systems, which operate with a central ministry 
of education, the American education system is highly decentralized. 
There are 14,140 independent school districts and 1,222 dependent 
school districts (subject to the fiscal control of county or city govern- 
ment) across America. Responsibility for the actual operation of the 
schools has been delegated by the various states to local school dis- 
tricts, except Hawaii, which has one statewide school system. 

There are 1,211 public and private two-year community, techni- 
cal, and junior colleges, 1,992 public and private four-year colleges 
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and universities, and an estimated 6,000 proprietary (private) career 
schools. The private colleges operate in a largely autonomous man- 
ner. The public two- and four-year colleges operate under local boards 
of trustees, as a part of a stale university system, or as an indepen- 
dent state system operating one segment of colleges. In addition to 
that institutional fragmentation, many have observed th'^t there is 
no organism on earth more autonomous than a professor in a ma- 
jor university. As a consequence of this highly decentralized educa- 
tional structure, communication among and between the various en- 
tities and personnel involved becomes exceedingly difficult. Special 
efforts are required to improve communication among math and 
science educators and to improve continuity in learning at all levels 
of education. 

The large challenge facing math and science instructors in sec- 
ondary schools, and to a significant degree in open-door community 
colleges, is how to meet the great range of individual differences in 
every classroom, hi desperation, schools have labeled students blue- 
birds, robins, and meadowlarks, or advanced, terminal, and remedi- 
al, and they are still missing the mark. 

If we are to become serious about meeting that great range of 
individual differences in open-door high schools and community col- 
leges, instead of permitting half our students to slip through the "general 
education'' crack, we must cultivate goal-oriented programs to match 
the diversity of the student body. But educators cannot hope to de- 
velop such an appropriate educational diversity unless educational ex- 
cellence is redefined. We must reject the idea that math and science 
curricular excellence can be found only in certain university-oriented 
programs. 

John Gardner has distilled some of our best thoughts on the var- 
ieties of excellence: 

Though wc must make enormous concessions to individual 
differences in aptitude, we may properly expect that every 
form of education be such as to stretch the individual to the 
utmost of his potentialities. And we must expect each stu- 
dent to strive for excellence in terms of the kind of excel- 
lence that is within his reach. Here again we must recognize 
that there may be excellence or shoddiness in every line of 
human endeavor. We must learn to honor excellence (indeed 
to demand it) in every socially accepted human activity, how- 
ever humble the activity, and to scorn shoddiness, however 
exalted the activity. As I said in another connection: An ex- 
cellent plumber is infinitely more admirable than an incompe- 
tent philosopher. The society which scorns excellence in plumb- 
ing because plumbing is a humble activity and tolerates 
shoddiness in philosophy because it is an exalted activity will 
have neither good plumbing nor good philosophy. Neither 
its pipes nor its theories will hold water (1984). 



How can educators meet that great range of individual differences 
among students, whether rich or poor, able or disabled, destined for 
the university, community college, apprenticeship, military, or a specific 
job, including homemaking? '^o that end, we must challenge the as- 
sumption that a college baccalaureate degree is the sole load to excel- 
lence, respect, and dignity for all people. Social -ind educational sta- 
tus cannot be confused with equality of opportunity and individual 
achievement, regardless of the field of study, h will be a sad day in- 
deed if the ''excellence movement" becomes a cover for a retreat from 
equity and opportunity concerns. As stated by the Commission on 
Pre-College Education in Mathematics, Science, and Technology, * 'Ex- 
cellence and elitism are not synonymous" (Coleman and others, 1983). 
Clearly, American education requires one or two new definitions of 
excellence in education, definitions that will hold meaning for all 
students. 

What Can Be Done? 

Are we creating the crisis of the 1990s by indiscriminately impos- 
ing theoretical math and science education standards upon high school 
graduation requirements for all students.' Is this the answer to im- 
proving math and science education for the ordinary student? It may 
motivate some students, but surely it will discourage others. When 
three out of four of our high school graduates do not complete the 
college baccalaureate degree program, and 25 percent of those who 
begin high school do not even finish, one must question the validity 
of the current educational program for the great mass of individuals 
in the two middle quartiles of the typical high school student body. 
What kind of math and science program will meet the needs of these 
three out of four students? Can these st jdents also experience educa- 
tional excellence? Will requiring more theoretical physics or theoreti- 
cal math me'^^c their needs and abilities? Some fundamental shifts must 
be made in school and college programs if the needs of all students 
are to be met und the universal education enterprise is to be moved 
up the road a few more miles. 

Students enrolled in technical education programs must meet the 
same basic skill requirements as other students seeking the high school 
diploma, but in an applied academics mode. A course in business 
mathematics can also be rigorous and help students master comput- 
ing percentages or apply statistical methods. An applied physics course 
can be rigorous and help students master essential academic knowl- 
edge through practical experiences. Connectedness and continuity are 
key words in reshaping the math and scienie curriculum to improve 
the education program for the middle quartiles of students. 

Research and experience tell us that students work better with 
clear goals; indeed, so do wc all. Yet there is often a lack of clarity 
in what some high schools and colleges expect of their students. Fur- 
thermore, there is poor communication between these two educational 
entities. Even more serious, there is a subtle but stubborn provincialism 
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that suggests that program articulation, the careful building of bridges 
between high schools and colleges, and program evaluation, the care-- 
ful measure of program success or failure, are extraneous to Jie pri- 
mary mission of either group. 

National reports on the reform of education have given only cursory 
attention to the need for application literacy and continuity in learning, 
forgetting all the dangerous lessons that the business \^orld has learned 
of late. What happens when the left hand does not really understand 
what the right is about? The indicators are not difficult to find. 

High schools generally do not have a good sense of how the stu- 
dents perform once at college or in the work world, as the colleges 
and universities, with rare exception, do not keep them informed. 
Community colleges, which often must deal with students who have 
failed to reach their own or others' expectations upon high school 
graduation, are particularly lax in letting high schools know how their 
former students are doing. 

Generally speaking, although the high school math and science 
courses a student takes do not seem important in getting him or her 
into a community college, they may be absolutely critical to success 
once the student is there. Yet, there is precious little communication 
to high school students from the community, technical, and junior 
colleges about associate degrees and college exit requirements and the 
recommended high school math and science preparation. 

Clearly, more and more secondary schools and community col- 
leges are waking up to the reality of cooperating in mathematics and 
science cutriculum development to match a new technological world. 
It is absolutely imperative that high schools and colleges, particularly 
community, technical, and junior colleges, become aggressive in ex- 
amining, developing, and sustaining quality educational programs lo 
serve that great host of Americans who keep this country working. 

Many academically talented secondary school students have been 
well served over the years by the college-prep/baccalaureate-degree math 
and science curriculum, but unfortunately we have allowed this one 
definition of excellence to dominate the secondary school curriculum. 
We have attempted to insist that all students must wear one size of 
educational program shoes. It is clear that one curriculum will not 
fit the diversity of individual student differences any more than one 
size of shoe will fit all sizes of feet. In particular, the two middle quar- 
tiles of the typical high school student body (the neglected majority) 
have not been particularly well served by the theoretical college-prep.^' 
baccalaureate-degree curriculum; nor have they been well served by 
the unfocused and watered-down general education curriculum. Fur- 
ther, because of the poor image of vocational education programs, 
these student? by and large have not enrolled in them in large numbers 
and have therefore not been served at all by vocational education. 
As a result, s^ime 1 1 million students out of the 40 million now enrolled 



in elementary and secondary schools will not even graduate from high 
school, in part because of the problem of an unfocused smorgasbord 
type of curriculum. 

What can be done? First, high schools would do well to eliminate 
the unfocused general education program and replace it with a Tech 
Prep/Associate Degree (TP AD) applied academics program to work 
alongside the college-prep/baccalaureate-degree program and the high 
school diploma/vocational education program. The TP AD program 
targets the two middle quartiles of the typical high school student 
body in terms of academic talents, learning styles, and interest. Em- 
phasis is placed upon the mid-range of occupations requiring some 
beyond'high'School education and training, but not necessarily a bac- 
calaureate degree. 

The current nationwide 27 percent high school drop-out rate can 
be reduced if students understand the ''why'' (tht application of their 
learning) as well as the "what'' (the knowledge). This means break- 
ing down the walls between vocational education and academic edu- 
cation and developing a substantive applied academics math and science 
curricula. The largest volume of high school drop-outs occurs between 
grades 10 and 11. This volume can be reduced if students see a fo- 
cused and respected alternative learning opportunity that connects 
the school and college curriculum with real-life issues. 

The four-year TPAD program is intended to run parallel with 
and not to replace the current college-prep/baccalaureate-degree pro- 
gram. It combines a common core of learning with technical educa- 
tion and rests upon a foundation of basic proficiency development 
in applied math, applied science, applied communications, and tech- 
nical education. Beginning with the junior year in high school, stu- 
dents select the TPAD program (even as they now select the college 
prep program or the high school diploma/vocational education pro- 
gram) and continue for four years in a structured and closely coordi- 
nated high school/community or technical college curriculum. 

In order to succeed, the TPAD program requires close curricular 
coordination. Most of all, it requires that high school and communi- 
ty college leaders and faculty members demonstrate mutual respect 
and cooperate with one another every step of the way. 

The TPAD program advocates taking a step beyond the current 
and usually cosmetic high school/college partnership arrangements into 
substantive math and science curricuh r coordination. The program 
seeks a middle ground that blends the liberal arts with the practical 
arts. Furthermore, a closely coordinated four-year (grades 1 1 through 
14) applied academics program will provide more room for an elective 
program than can be achieved in two unconnected years. 

The TPAD program targets the two middle quartiles of the typical 
high school student body in terms of academic talent and interest, and 
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the mid-i «nge of occupations requiring some education beyond high 
school and some training, but not necessarily a baccalaureate degree. 

The TPAD program does not envision taking students out of high 
school. Rather, TPAD encourages students to stay in high school. 
They are taught by high school teachers in the first two years, but 
mubi also have access to college personnel and facilities when appropri- 
ate. Starting with a solid base of applied science, applied math, litera- 
cy courses, and technical education systems approaches, the high school 
portion of the carcv ■ program is intentionally preparatory in nature. 
Built around career tli^sters and technical systems study, the TPAD 
approach helps students develop broad-based competence in a career 
field and avoids the pitfalls of more short-term and narrowly delineated 
job training. It is the responsibility of the high school to open up 
the world for the student rather than close it down through narrow 
and specific job training. 

The high school or vocational-technical school TPAD program 
must dovetail with specific math, science, and technical education pro- 
grams on the postsecondary level. More intense technical specializa- 
tion is developed at the college level, always in tandem with broad 
technical competence and broad math and science competence aimed 
at working in a *\vide-technology" society. It is anticipated that one 
result of this program will be better understanding of the associate 
degree as it becomes a preferred degree for employers seeking to fill 
a broad range of mid-level occupations. As a result of increasing em- 
ployer demand, many students are now seeking the associate degree 
as a preferred career development goal. Over 450,000 of these degrees 
were awarded in 1989, and the trend is upward. 

The tech prep/ associate degree program requires curricular coor- 
dination. Most of all, it requires high school, vocaiional/technical school, 
college leaders, and faculty members to talk regularly with one another 
and with employers. The TPAD concept provides a dramatic model 
for math and science educators wishing to avoid slippage and loss 
of continuity in learning, bringing program stiurrure and substance 
to nonbaccalaureate degree students. 

Already the program is working: Many high school-college part- 
nerships are being developed. Here is what Richmond, North Carolina, 
school superintendent Doug James has to say about the program: 

The program has had the greatest impact on secondary edu- 
cation in Richmond County since high school consolidation 
in 197K Previous to Tech Prep, 25 percent of our high school 
students were enrolled in our pre-college program and 75 
percent in the general academi':/vocani)nal curriculum. Now, 
over ]Q percent are enrolled in the pre-college curriculum 
and another 30 percer- in our Tech Prep program, which 
involves a more rigorous academic and technological course 
ot study. 
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Enrollment in Algebra 1 has increased 42 percent over our 
1985-86 enrollment with an associated increase in our aver- 
age end-of-course test scores. Algebra II enrollment has in- 
creased 57 percent with a slight decrease in average end-of- 
course test scores. A significant increase has also been ex- 
perienced in student enrollment in more advanced English, 

social studies, and science courses Since the beginning 

of our Tech Prep program, our average SAT score has in- 
creased 46 points, the drop-out rate declined. . .and the per- 
centage of graduates choosing to attend a community college 
increased from 24 percent to 46 percent (James, 1988). 

Who will win and who will lose in the development of the TPAD 
program.' Frankly, there are no losers, only winners. Most impor- 
tantly, students will develop sound basic skills and knowledge while 
obtaining a first-rate technical education. They will develop the com- 
petence to be able to cope with a fast-changing modern life, and do 
that with confidence. Students will be the big winners! 

Employers will win by obtaining a better-educated worker than 
ever before. Furthermore, skilled worker shortages will be alleviated 
as the TPAD program becomes widely operational across the country 
in high schools and colleges. 

High schools will win because more students will stay in school 
to complete their high school education, and more students will find 
satisfaction in their applied academics program. The tone and morale 
of the high school should improve as more students are e^^'^aged in 
a purposeful and substantial educational program. 

Colleges of all kinds will win because entering students will be 
bett^^r prepared. Colleges will spend less on remedial and develop- 
mental edu'.'ation programs, allowing those resources to be spent upon 
increasingly sophisticated technical programs. Also, colleges will better 
meet the needs of more students with the applied academics program. 

Communities and states will win because cooperation at diffcent 
levels of education will eliminate some program duplication, provide 
for greater efficiency, and will more fully develop the human resources 
of each region. 

America will certainly win by the development of a world-class 
work force that will out-work, out-produce» and out-smart the world- 
wide competition. The greatest resource m our nation, the human 
resource, will be more fully developed than ever in our history. 
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Community colleges can and must be deeply involved 
in what could be one of the most crucial joint efforts 
ever undertaken in this nation. Their accessibility to 
students, their ability to offer employment training 
I I and retraining, and their transfer programs enable nvo- 

year institutions to be effective partners with four-year colleges in im- 
proving mathematics-science education. The facilities and faculties are 
already in place. How best do wc take advantage of these readily avail- 
able resources? 

The more we know about the mathematics-science crisis and its 
seemingly endless ramifications, the better wc will be able to deal with 
it. Gathering and understanding information from as many sources 
as possible will be invaluable in shaping our plan of attack as we de- 
vise comprehensive and workable solutions. Some exemplary programs 
with a variety of funding sources already exist and are proving to 
be successful. 

A cursory review of the ERIC Clearinghouse for Junior Colleges' 
collection of postsecondary curriculum changes and mathematics and 
science education-related journals makes it apparent that obtaining 
a complete listing of recent innovations in Sematics and science 
teaching is impractical. These sources are t.^ lete with responses of 
researchers and practitioners recommending the development of new 
approaches to mathematics and science teaching. This chapter is limitd 
to recent discussions of the issues, recommendations for new direc- 
tions, and exemplary descriptions of classroom success. 

O 
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This review cannot replace, for the mathematics and science edu- 
cator, a careful and ongoing reading of the following journal' , Each 
contains many examples of the rapidly expanding literature of learn- 
ing and teaching strategies. Many, such as the Journal for Research 
ir\ Mathematics Education, provide annual bibliographies of instruc- 
tional research. 

American Biology Teacher 
American Educator 
Arithmetic Teacher 
Chemical and Engineering Neus 
Classroom Computer Learning 
College Mathematics Journal 

Community /junior College Quarterly oj Research and Practice 
Community College Review 
Engineering Education 

Focus on Learning Problems in Mathematics 

For the Learning of Mathematics 

Journal for Research in Mathematics Education 

Journal of Chemical Education 

Journal of College Science* Teaching 

Journal of Computers in Mathematics and Science Teaching 

Journal of Research in Science Teaching 

Mathematics and Computer Education 

Mathematics Teacher 

New Directions for Community Colleges 

Physics Teacher 

55 So\^i 
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Research in Science and Technological Education 
School Science and Uatliematics 
School Science Review 
Science Education 
Science Teacher 

Technological Horizons in Education 

The Dilemma 

Our focus on effective community college mathematics and science 
teaching begins with the evolving mission of the community college. 
Community colleges are the fastest-growing segment of postsecondary 
education— a student-centered institutional bridge between a too-often 
inadequate K-12 education and traditional baccalaureate studies, as 
well as a provider of training that upgrades skills in the existing work 
force and prepares students for entry-level jobs that require less than 
a four-year degree. 

The wide-ranging community college mission introduces factors 
that are beyond the scope of this review and yt-t set critical parameters 
for classroom success. Each factor has a rich literature of its own. 
These include *'open-door" access to postsecondary education; the 
multicultural make-up of the community college; the identification of 
students who have the **ability to benefit'' and those who do not; 
the need for placement tests and the development of entering and 
exiting competencies in sequential learning processes; the need to mirror 
the academic standards set by four-year colleges and universities; and 
limitations on faculty development as well as the community college's 
dependence on part-time faculty. A sampling of these concerns can 
be found in Dodson's ''Quality and Accessibility: Are They Mutual- 
ly Exclusive?'' (Community College Revieu, 141^, 56-60) and 
Erase and Crow's *The Plight of Community College Science In- 
struction" (journal of College Science Teaching, 1987, J7|ll, 8, 48). 

T\\ .nunity college mission creates a dilemma for mathemat- 
ics v\d science teachers by pointing them in at least three different 
dire- -^ns: (1) they need to respond to past neglect in the K-12 cur- 
riculum; (2) they need to parallel the concerns of baccalaureate faculty 
in four-year colleges or universities; and (3) they need to improve 
mathematics and science literacy in the workplace. This dilemma is 
shared by other disciplines in the community college, but it is exacei 
bated in mathematics and science by the onslaught of technology in 
the workplace as well as the increasmg need for engineers and other 
mathematics- and science-trained professionals. An interesting per- 
spective on the importance of external influences in determining com- 
munity college curricula is provided by Wolf and Zoglin in External 
Influences on the Cuniculum (New Directions for Community Colleges, 
no. 64. San Francisco: Jossey-Bass, 1988). 



colleges. Programs to address this need are major consumers of in- 
stitutional and faculty resources. Directing the community college edu- 
cator toward understanding what should have occurred earlier in the 
learning process, the strategies being developed in the K~12 grades 
to redress these failures, and 'He remediation practices that will re- 
store educational opportunity to the lives of disadvantaged communi- 
ty college students is both time-consuming and costly. 

The understanding of these sequential and cumulative learning 
processes is dependent upon recent efforts to develop taxonomies of 
mathematical and science education. Effective instruction in the com- 
munity college requires a professional consensus on the appropriate 
level, timing, and sequence for mathematics and science education. 
Discipline journals are filled with debate over two recent taxonomies: 
Science for All Americans: A Project 2061 Report, by the American 
Association for the Advancement of Science (Washington, D,C.: 
American Association for the Advancement of Science, 1989 [ED 
309 060)); and Curriculum and Evaluation Standards for School Mathmat- 
ics, by the National Council of Teachers of Mathematics (Reston, 
Va.: National Council of Teachers of Mathematics, 1989 [ED 304 
336)). The relationship between the two statements has been suggested 
in Worthy's call for the teaching of mathematics as ''the chief lan- 
guage of science" in "Scientific Literacy: Sweeping Changes in Teaching 
Urged" (Chemical and Engineering Ncu'.s, 1989, 67[8|, 4). 

The five domains of science education— knowing and understanding, 
exploring and discovering, imagining and creating, feeling and valuing, 
and using and applying— have been examined by McCormack and Yager 
in their *'A New Taxonomy of Science Education" (ScitTicc Teacher, 
1989, 56[2|, 47-48). This taxonomy is operationalized in their ''As- 
sessing Teaching/Learning Successes in Multiple Domains of Science 
and Science Education" (ScicTice Education, 1989, 73[ll, 45-58). 

The Committee on Indicators of Precollege Science and Mathemat- 
ics Education of the Commission on Behavioral and Social Sciences 
and Education has suggested ways to measure learn mg progress in 
its Improving Indicators of the Quality of Science and Mathematics Edu- 
cation in Grades K-II (R.J. Murnane and S.A. Raizen [Eds.j. Washing- 
ton, D.C: National Academy Press, 1988). 

Community college mathematics educators should also be aware 
of efforts to describe the transition from high school to college, in 
Lichtenberg's "Summary of the Report of the NCTM-MAA Task 
Force on the Mathematics Curriculum for Grades 11-13" (Mathematics 
Teacher, 1988, Sl[tl 442-43). 

Teaching Community College 
Mathematics and Science 



This review focuses on the community college in response to past Thi student-centered community college mathematics and sdence 

neglect, which is the largest of the instructional issues facing community classrooms serve students who are prepared for college-level learning 
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and those who are not. Several types of community college students 
are not prepared for college learning. There arc students who success- 
fully mastered inadequate mathematics and science education in high 
school, These students cor»:ider themselves prepared for college and 
must cope with both their inaccurate perceptions and their miscon- 
ceptions of mathematics and science knowledge. There are also stu- 
dents whose past experiences have persuaded them that they can learn 
these subjects only with great difficulty. These students must over- 
come feelings of inadequacy and poor learning skills. Another group 
of students did not follow a ^'college track'* in high school and there- 
fore had limited exposure to the necessary preparatory skills and knowl- 
edge base. These students may make the easiest transition to the com- 
munity college classroom, for they bring the least "baggage'' with 
them. And finally, there is a large group of students who did not 
continue their formal education immediately after high school. Their 
extended absence from the classroom means that their successful or 
unsuccessful mathematics and science experiences are remote, and their 
new connection to these disciplines depends upon revised educational 
expectations and a new career direction. 

Community colleges have led efforts designed tc meet the needs 
of disadvantaged students through formal linkages between the high 
school and community college classroom. Programs such as that reported 
at LaGuardia Community College, New York, by Cullen and Moed 
in "Serving High-Risk Adolescents" (in J. Lieberman [Ed.], Collaborating 
mth High Schools. New Directions for Community Colleges, no. 63. 
San Francisco: Jossey-Bass, 1988) hold out hope that institutional in- 
teraction can smooth the transition to successful community college 
learning. These interactions can and do serve more than remedial 
needs. The Fast-Paced Mathematics Program at the Community Col- 
lege of Allegheny County's (Pennsylvania) South Campus is a cooper- 
ative effort with 71 high schools in 15 counties and Johns Hopkins 
University to provide college experiences to gifted mathematics stu- 
dents in grades seven and above. 

To meet the needs of their .'itudents effectively, community col- 
lege faculty must 

• Determine appropriate entry- and exit-points in secjuential learning 
processes 

• Learn to assess specific and common handicaps to mathematics 
and science learning and develop responsive strategies 

• Explore a variety of means for providing a mathematics and 
science education that has relevance to everyday life, career 
choice, and other learning experiences 

• Design and assess effective learning modules and courses 

• Learn and practice the most effective instructional strategies 



Entry and Exit Tasting 

The first task for the community college is to assess incoming btu- 
dents to identify common learning groups. Mathematics and science 
skills do not stand alone in this assessment. Many studies document 
a strong association among a student's learning skills— studying, ''eading, 
writing, listening, reasoning, science, and mathematics. Choice of tests 
is far less important than the validity of the match that resultb be- 
tween levels of student skills and the instructional units that respond 
to shared deficiencies. 

A number of standardized tests are available. These include bat- 
teries of tests from the American College Testing Program (ACT) 
and the Educational Testing Service (ETS) and, in the biology, chemis- 
try, and physics areas, the Sequential Tests of Educational Progress 
(STEP) series from ETS. Many institutions have developed their own 
tests, matching student preparation to local learning sequences. 

Increasingly, community college educators are concerned about 
learning outcomes assessment and the development of early warning 
systems and institutional support services to meet student need. Cou- 
pled with effective placement, improvements in these areas could yield 
an interactive management system that identifies needs, assesses progress, 
and holds both the student and the college's faculty and staff ac- 
countable to the learning process. Many colleges have developed exit 
tests for their own instructional sequences. Standardized tests, such 
as the "end of course" tests in the STEP series, permit comparisons 
between local and national norms. Student tracking systems have been 
examined in Smittle, LaValle, and Carman's "Computerized Track- 
ing System for Underprepared Students" and Voorhees and Hart's 
"A Tracking Scheme for Basic Skills Intake Assessment" (both in 
T.H. Bers [Ed.], Using Student Tracking Systems Effectively. New Direc- 
tions for Community Colleges, nc. 66. San Francisco: Jossey-Bass, 
1989). 

Coping wltti Handicaps to Learning 

The second task for the community college is to encourage in- 
structional strategies for overcoming handicaps to student learning 
in mathematics and science. Weinstein suggests a comprehensive strategy 
for addressing the needs of developmental students in **A Metacur- 
riculum for Remediating Deficits in Learning Strategies of Academi- 
cally Underprepared Students" (in Noel and Levitz (Eds.], How to 
Succeed with Academically Underprepared Students: A Catalog of Suc- 
cessful Practices. Iowa City, Iowa: American College Testing Program, 
1982). She reviews the strategies of successful learners and suggests 
that "by using instructional methods that demonstrate, cue, and re- 
inforce the use of learning strategies, college teachers can implement 
a learning strategies metacurriculum" that reaches beyond the basic 
skills classroom. This ACT publication also contains a useful resource 
bibliography. 
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In "Teaching College and College-Bound Biology Students/' Uno 
has outlined four difficulties students have learning college science 
(American Biology Teacher, 1988, 50(4], 213-16). These include the 
lack of a solid science background, negative or indifferent attitudes 
toward science, the lack of self-discipline and study skills, and the 
inability to think critically. In a helpful discussion of learning styles, 
Lawson holds that students improve their ability to reason scientifi- 
cally in the cognitive conflict between prior misconceptions about science 
and tests of alternative constructs. In '*A Better Way to Teach Biolo- 
gy'' [American Biology Teacher, 1988, 50(5], 266-78), Lawion describes 
descriptive, empirical-deductive, and hypothetical-deductive learning 
cycles, which differ in the degree to which students gather data in 
a descriptive fashion or set out to test alternative conceptions. 

Specific handicaps to learning have been addressed in other arti- 
cles. Learning anxieties about science and mathematics direct the stu- 
dent's attention away from the learning task. Strauss and Clarke have 
discussed strategies for overcoming science anxiety in **Fear and Trem- 
bling in the Examination Hour'' Uoumal of College Science Teaching, 
1989, J8(4|, 223-35). Kogelman, Forman, and Asch have proposed 
ways of coping with mathematics anxiety in "Math Anxiety" (American 
Educator, 1981, 513], 30-32). 

Attitudes constitute another variable in the learniiig process. The 
literature suggests that while attitudes may or may not affect classroom 
performance, classroom success does affect future attitudes toward learning. 
At the College of DuPage, Eldersveld and Baughman found no statistical 
relationship between student attitudes or perceptions of ability and class- 
room success in their ''Attitudes and Student Perceptions: Their Measure 
and Relationship to Performance in Elementary Algebra, Intermediate 
Algebra, College Algebra, and Technical Mathematics" {Community/Junior 
College Quarterly of Research and Practice, 1986. ir^' '""Ul). On 
the other hand, Yager and Pcnich found student attituat-a . ard science 
improved in exemplary science programs in ''An Exemplary Program 
Pay-Off' (Science Teacher, 1989, 56(1], 5U58). 

The issues associated with extended absences from formal learn- 
ing have been explored by Prather and Shrum in "Science Educa- 
tion for Out-of-School Adults: A Critical Challenge in Lifelong Science 
Education" (Science Education, 1987, 7/(5], 691-99). Adult learners 
with low self-esteem and poor learning skills were found to benefit 
more from mastery-based instruction in Dolan's "Affective Charac- 
teristics of the Adult Learner; A Study of Mastery-Based Instruction" 
iCommunit^i' Junior College Quanerh of Research and Practice, 1983, 714], 
367-78). ^ 



A variety of strategies for teaching learning-disabled students are 
presented in Corn's "Teaching Remedial Mathematics to Learning' 
Disabled Community College Students" (Journal of Reading, Writing, 
and learning Disabilities Inte^mtional, 1987, 3(1], 93-102). Meyers and 
Burton discuss instructional responses to kinesthetic deficits and reason- 
ing and visual and audio-processing disorders in "Yes You Can. . .Plan 
Appropriate Instruction for Learning-Disabled Students" (Arithmetic 
Teacher, 1989, 36[71, 46-50). 

Structuring Developmental 
Education 

The third task for the community college is to design a develop- 
mental curriculum that responds to the assessment of student needs, 
identifies skills to be learned, provides needed support services to both 
students and faculty, and possesses a rationale that ties it to the over- 
all institutional program. 

Developmental needs and institutional responses have been reviewed 
in /*hrendt's (Ed.), Teaching the Developmental Education Student (New 
Directions for Community College^, no. 57. San Francisco: Jossey* 
Bass, 1987). A useful bibliography is provided in this volume in 
Zwemer's "Sources and Information: Developmental Education at the 
Community College." A review of earlier studies can be found in 
Lombardi's '^Developmental Education: An Expanding Function— 
An ERIC Review" (Community College Revieu^, 1979. 7(1], 65-72). 

Developmental science and mathematics education are treated 
separately in Ahrendt's New Directions for Community Colleges vol- 
ume. In "Science and Developmental Education," Craven suggests 
broadening the traditional definition of basic skills to include science 
education. Successful science instructors, he argues, are those who 
"understand that developmental education students are likely to be 
field-dependent learners at the concrete level of cognitive develop- 
ment." In "Mathematics and Developmental Education," Stowbridge 
suggests that successful skill development in mathematics follows a 
process that begins with "massed practice" or intense drill over short 
periods of time and leads to "spaced practice," which is less intense 
and spread over longer periods. This process also includes "plateaus," 
where instructors should expect little improvement in speed or ac- 
curacy and students should be encouraged to consolidate and inte- 
grate their knowledge. He underscores the importance of review and 
the development of a skill maintenance program during which skills 
learned are applied under a variety of different circumstances. Stu- 
dent and teacher interaction is essential to each stage in this process. 



Cultural issues pertaining to Hispanic students are explored in 
Rendon's "Basic Skills: Responding to the Task with Effective In- 
novative Programs" (paper presented to the National Policy Confer- 
ence on Urban Community Colleges in Transition. Detroit, Mich., 
March 7-9, 1981 [ED 213 460]). 
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Useful reviews of remedial mathematics programs iiidude Ajose's 
"A Review of Research on the Effectiveness of Remedial Mathemat- 
ics Programs in Two-Year Colleges" (paper presented at the annual 
meeting of the American Mathematical Association of Two-Year Col- 
leges, Houston, Texas, Oct. 10-14, 1978 (ED 164 01 7|); Akst's 
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^'Reflections on Basic Math Programs in the Two-Year College'' (paper 
presented at the Sloan Foundation Conference on New Directions 
in Two-Year College Mathematics, Atherton, Calif. July 11-14, 1984 
[ED 246 9251); and his ^'Remedial Mathematics at Manhattan Com- 
munity College" {MATYC Joumai, 1977, iilU, 10-11). 

The fragmentation of mathematical knowledge is a handicap to 
learning. For the suggestion that developmental mathematics instruc- 
tion should be focused around a theme such as the '^search for and 
use of coherent generalizations'' or "means of simplifying quantifi- 
able phenomena to improve understanding," see Pace's 'Thematic 
Teaching in Remedial Mathematics" (paper presented at the National 
Conference on Remedial and Developmental Mathematics in College: 
Issues and Innovations, New York, April 9-11, 1981 [ED 203 935)). 

Other devices for ordering mathematical information for more 
effective learning can be found in Covington and Tiballi's **Using 
Bloom's Taxonomy for Precision Planning and Creative Teaching in 
the Developmental Math Classroom" (puper presented at the West- 
ern College Reading Association Convention, San Diego, Calif., April 
3, 1982 (ED 221 2531), and Bishop's '^Review of Research on Visual- 
ization in Mathematics Education" {Focus on Learning Problem in 
Mathematics, 1989, 1111-21, 7-16). This issue is devoted to the pro- 
cess of visualization. 

McClure describes a three-phase developmental, transitional, and 
"spanning for success" approach in use at Midlands Technical Col- 
lege in her Science Mastery: A Design for High-Risk Student Success 
(Columbia, S.C.: Midlands Technical College, 1984 (ED 259 7851). 
In this approach students are introduced gradually to the college cur- 
riculum. They begin with tightly structured mastery learning, move 
to more independent developmental instruction coupled with audit- 
ing experiences in mainstream classes, ana finally to mainstream class 
enrollment augmented by tutorial assistance. This instructional de- 
sign has improved student success rates. 

Cherim has described a focus on the importance of learning chemis- 
try in the modern world, coupled with instructor-driven behavior 
modification in "A Philosophy for Teaching Preparatory Chemistry" 
(paper presented at the Annual Two-Year College Chemistry Con- 
ference, Atlanta, Ga., March 27-28, 1981 (ED 203 9371)- A simila. 
concern is addressed in Bond's "In Pursuit of Chemical Literacy; A 
Place for Chemical Reactions" [Journal of Chemical Education, 1989, 
66(21, 157-60). 

Thematic approaches have been suggested for the teaching of 
science. Rhodes and Schaible describe science as a form of thinking 
that leads to a ''more consistent, coherent, and comprehensive pic- 
ture of nature" in their "Fact, Law, and Theory: Ways of Thinking 
in Science and Literature" (journal of College Science Teaching, 1989, 
18141, 228-32, 288). Yager has described the value of teaching science- 
id 
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related issues that confront society in ''Research and Teaching: Ap- 
proaching Scientific Literacy Goals in General Education Science 
Courses" {Journal of College Science Teaching, 1989, 18(41, 273-75). 

Other developmental educators have emphasized the co-dependence 
of basic skills and the need to confront the learning needs of the 
whole student. Korn has described a method for identifying students 
with cognitive skills inadequate to succeed in biology and has suggested 
ways of improving these in basic skills classes in "Improving Reason- 
ing Skills in Nonmajor Biology Classes" {Community College Frontiers, 
1978, 6(41, 36-40). Erlich and Lynch-Kennedy have outlined the Ithaca 
College, New York, program that teaches basic skills in content courses 
in nine disciplines in "Skills and Content: Coordinating the Class- 
room" (Journal of Developmental and Remedial Education, 1983, 6(31, 
24-27). For mathematics, see Smith's "Liberal Arts Mathematics: Cor- 
nerstone or Dinosaur?" (paper presented at Sloan Foundation Con- 
ference on New Directions in Two-Year College Mathematics, Ather- 
ton, Calif., July 11-14, 1984 (ED 245 7211). 

The co-dependency of learning skills is also recognized in pro- 
grams that block-schedule basic skills classes, in such programs, stu- 
dents are scheduled into common discrete basic skills courses, given 
a counseling and content focus, anc^ monitored through instructor 
interaction. A variety of block programs at the Community College 
of Allegheny County's Allegheny Campus h-uS yielded improved stu- 
dent retention and success. The pilot program is reported in McHugh 
and others, "A Report on Project Block: Fall Term 197? and Follow- 
Up Study vSpring 1978." While the pilot clustered basic skills courses 
around a beginning psychology course, subsequent programs have in- 
cluded courses in history, the humanities, and a seminar in critical 
thinking skilU. See, for example, Holmberg's "The Teaching of His- 
tory to Developmental Students; A Block Project" (Community Col- 
lege Social Science Journal, 1980-81, J(21, 44-61). In addition, block- 
ing programs have been specified to women, minorities, the learning 
disabled, as well as dislocated workers at comparable skill levels. 

This blocking effort has been expanded to ^'learning communi- 
ties" in McCartan's "Helping Students Learn" (in j.E. Licberman 
(Ed.l, Collaborating aith High Schools. New Directions for Communi- 
ty Colleges, no. 63. San Francisco: Jossey-Bass, 1988). These "learn- 
ing communities" include repeated contact within the peer group, ac- 
tive engagement in the learning process, introduction of a counselor 
to deal with particular needs, increased interaction between the stu- 
dent and teacher, and the integration of basic si ills instruction across 
the curriculum. As in the case of Ithaca College above, basic skills 
are taught more successfully within content courses. 

Other efforts at integrated skills learning include reading, writ- 
ing, and thinking across the college curriculum. Such efforts arc dis- 
cussed in Livingston's "Reading into the Subject of Science" (Science 
Teacher, 1989, 56(21, 9-10) and Soriano's 'Thinking Through Writing" 
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(Science Teacher, 1989, 56[3), 70-73). An example of an integrated 
program for accelerated students is provided by Wortiiy in "Exclu- 
sive Undergraduate Program Provides Depth, Breadth in Sciences" 
{Chemical and Engineering hleit's, 1989, 67|91, 22-24). 

Designing the Developmental 
Course 

The fourth task for the community college teacher is to design 
the developmental course. This course must meet the student's need 
to develop skills and progress within the curriculum. Reducing stu- 
dent failure means spotting the problem and acting to remediate 
in a timely fashion. Mann reports on an early-warning formula 
for predicting midterm grades in general chemistry in his Predicting 
Midterm Grades, Phase II (Perkinston, Miss.: Mississippi Gulf Coast 
Junior College, 1977 |ED 151 043]). The formula is available in 
ED 125 730. 

in an effort to cope with potential failures from fundamental al- 
gebra, a number of community colleges, including the Community 
College of Allegheny County, have experimented with "math restart" 
programs. In these programs, the remedial course is divided into modules 
and unsuccessful students are encouraged at mid-term to withdraw 
from their original course and to re-enroll in the module they have 
failed. This practice has yielded significant improvements in reten- 
tion and grade success. 

Kleinstein and Kleinstein describe the topics included in a first 
remedial mathematics course in "Some Considerations in Curricu- 
lum Development: A New Math Cour.se for New York City Open 
Admissions Students" [MATYC Journal, 1976, iO[31, 150-54). Cle- 
ments and Del Campo explore learning modes in "Linking Verbal 
Knowledge, Visual Images, and Episodes for Mathematical Learning" 
(Focus on Learning Problems in Mathenxatics, 1989, iill-2|, 25-33). 
Merchant designs a competency-based mathematics course for career 
students in "A New Approach to Teaching Business-Oriented Stu- 
dents" (Community College Revieu; 1980, 7(4], 36-39). 

Successful developmental instruction requires a laddering of con- 
cepts to be learned and linkages to college-level work. O'Hara speci- 
fies the objectives of developmental biology in "Biology Course In- 
novations; Remedial Science and Biology-at-Home" (in F.B. Brawer 
lEd.l, Teaching the Sciences. New Directions for Community Col- 
leges, no. 31. San Francisco: Jossey-Bass, 1980). A similar discussion 
K-; available for chemistry in Ozsogomonyan and Clinkscales "The 
Chemistry Preparatory Course in Community Colleges: A Case Study" 
(unpublished paper, 1977 lED 148 450]). Worthy reports on an Ameri- 
can Chemical Society conference on the goals and appropriate levels 
of chemustry education m "Educators Propose Refocusing General 
Chemistry Curriculum" (Chemical and Engineering News, 1988, 66I42|, 
25-26). 
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Kreiser describes Rhode Island Junior College's response to de- 
velopmental chemistry needs in "Basic Skills for Chemistry: A Pre- 
Chemistry Course" (kumal of Chemical Education, 1981, 58(8], 636). 
Sevenair and others describe a course for pre-health majors in "A 
Nontraditional Organic Chemistry Course" (Journal of College Science 
Teaching, 1989, ]8(4], 236-39). 

Practicing Effective Instructional 
Strategies 

The final task for community colleges is to identify and practice 
effective teaching strategies in the developmental clas.sroom. More 
effective classroom instruction can be obtained by modifying the 
teacher's approach to the classroom. Friedman and Stomper, in their 
"Effective College Instruction in Basic Mathematics" (Journal for Re- 
search in Mathematics Education, 1988, i9121, 169-74) have compared 
more and less effective mathematics instructors as measured by stu- 
dent success. More effective instructors used interrogative methods, 
responded in neutral ways to student answers, repeated correct an- 
swers and asked questions in ways that elicited correct answers, spent 
more time on new materials rather than homework, and provided 
immediate feedback to ongoing materials. 

Cohen has summarized mathematics instruction in the commu- 
nity college. See his "Mathematics Instruction at the Two- Year College: 
An ERIC Review" (Community College Review, 1985, i2[41, 54-61) 
and "Mathematics in Today's Community College" (paper presented 
at the Sloan Foundation Conference on New Directions in Two- 
Year College Mathematics, Atherton, Calif., July 11-14, 1984 [ED 
244 6561). See also Cohen and Diamond's A Study of Remedial Al- 
gebra Courses Taught at Queensborough Community College: Spring and 
Fall Wi (Bayside, N.Y.: Queensborough Community College, 1975 
|ED 144 6541). 

For a similar discussion of science education in Australia, see 
Tobin, Treagust, and Eraser, "An Investigation of Exemplary Biol- 
ogy Teaching" (American Biology Teacher, 1988, 5013], 142-47). 

For the developmental .student whose reading abilities are limited, 
careful attention should be paid to the selection of a textbook. The 
u.se of the Fogg Readability Index is described in Holabaugh's "Text- 
book Selection: Clearing the Fog" (Journal of College Science Teach- 
ing, 1989, i8[5|, 327-29). Harcier describes the criteria for selecting 
a textbook, including its comprehcnsibility, in "Attitudes Toward 
Reading Science Textbooks" (American Biology Teacher, 1989, 5i[4|, 
208-12). Mcintosh has described augmenting the textbook for more 
effective learning in his "The Expanded Syllabus as an Aid for the 
Underprepared Science Student" (Journal of College Science Teach- 
ing, 1987, i7121, 137-38). Mcintosh includes in his syllabus "gener- 
al strategie.s for effective study," how to use the SQ3R technique 
in studying the textbook, and how to take effective notes. In 
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**How-to-D(>-lt: A Biology Composite Guidebook'' (American Biology 
Teacher, 1989, 5i[2I, 103-04), Stencel describes the development of 
a supplemental course guide in biology. 

Effective laboratory instruction engages the student in inquiry, en* 
courages the student to manipulate experimental materials, and provides 
for the experiential teaching of specific scientific concepts. These practices 
are explored in Leonard's "Research and Teaching: Ten Years of Research 
in Investigative Laboratory Instruction Categories" (Journal of College 
Science Teaching, 1989, ]815|, 304-06). Kandel has described "Grading 
to Motivate Desired Student Performance in a Descriptive Laboratory 
Course" (Journal of College Science Teaching, 1989, i8l4|, 249-51). 

Chang Ping'Tung has explored the use of small study groups in 
**Small Group instruction: A Study in Remedial Mathematics" 
(MATYC Journal, 1977, iil2|, 72-76, 77). 

Programmed, competency-based instruction has been used to ef- 
fectively augment other forms of learning. Erase and Brase describe 
its use to augment traditional lectures in "Basic Algebra in a Balanced 
Lecture-Program Format'* (Tuv-Year College Mathematics Journal, 1976, 
7(71, 13-17). Petricig has determined that use of a mathematics 
laboratory and programmed instruction increased the student success 
rate in ''Combining Individualized Instruction with the Traditional 
Lecture Method in a College Algebra Course" (Mathematics Teacher, 
1988, 8il5|, 385-87). 

Programmed instruction has been reviewed as a stand-alone in- 
structional technique in Hector's "A Mastery Approach to Mathe- 
matical Literacy" (Two-Year College Mathematics Journal, 19/5, 6|21, 
22-27) and Orman's "Programmed Instruction in Mathematics" 
(MATYC Journal, 1977, ii|l], 13-15). 

Morman has compared instructional methods in "An Audio- 
Tutorial Method of Instruction vs. ti Traditional Lecture-Discussion 
Method" (Two-Year College Mathematics Journal, 1973, 4|3], 56-61). 
Three methods of teaching remedial mathematics have been compared 
in Corn and Behr's "A Comparison of Three Methods of Teaching 
Remedial Mathematics as Measured by Results in a Follow-Up Course" 
(MATYCJoumai 1975, 9|1], M3). Moore and Griffin found no 
.significant difference between the methods used in "Analysis of Teach- 
ing Techniques: Individualized Instruction-Programmed Instruction vs. 
Programmed Instruction Supplemented by Video Tape Presentations" 
(graduate seminar paper, Virginia Polytechnic Institute and State 
University, 1977 [ED 171 344]). 

Use of mathematics laboratories and learning center support ser- 
vices has been explored in Spangler and Stevens's "Mathematics K-14" 
(Community and Junior College Journal, 1979, 49(71, 28-30); Palow's 
discussion of Miami-Dade Community College's (Florida) activities 
in "Technology in Teaching Mathematics: A Computer-Managed, 



Multimedia Mathematics Learning Center" (paper presented at the 
annual meeting of the National Council of Teachers of Mathematics, 
Boston, Mass., April 1979 [ED 184 609]); Williams and Mick's "The 
Philosophy and Application of an Audiovisual Laboratory in Teaching 
Basic Mathematics" (MATVC Journal, 1976, iO|3], 167-72). 

Rapid changes in computer hardware and software have given 
rise to a rich and abundant literature on automated classroom support 
systems. Here it is possible only to suggest the types of help available. 
Bialo and Silvin review the advantages of this technology in the de- 
velopmental classroom in "Computers and At-Risk Youth: Software 
and Hardware that Can Help" (Classroom Computer Learning, 1989, 
9(51, 48-55). The use of computers for simulation and modeling, drill 
and practice, computation and data analysis, data management, and 
word processing in the teaching of the sciences is reviewed in Spraggs's 
"Microcomputers in Science Instruction" (in D.A. Dellow and L.H. 
Poole [Eds.], Microcomputer Applications in Administration and Instruc- 
tion. New Directions in Community Colleges, no. 47. San Francisco: 
Jossey-Bass, 1984). A classroom philosophy, two years of experience, 
and nine laboratory procedures are described in Collings and Green- 
slade's "Using the Computer as a Laboratory histrument" (Physics 
Teacher, 1989, 27[21, 76-84). Computers combined with interactive 
videodiscs are described in Jones and Smith's "Lights, Camera, Reac- 
tion! The Interactive Videodisc: A Tool for Teaching Chemistry" 
(Technological Horizons m Education, 1989, i6(7|, 78-85). 

Exemplary Mathematics and 
Science Programs Involving the 
Community College Student 

1989 Prefreshman Summer Basic Skills Program. LaGuardia Community 
College, New York. Arthur Greenberg. To enable its students to make 
a smoother transition bet <?en their high school and college experience, 
LaGuardia Community College, New York, developed a Prefreshman 
Summer Basic Skills program. 

The summer program offers courses in mathematics, writing, read- 
ing, English as a Second Language, library skills, and counseling. In 
addition to the obvious motivational benefits of getting an instruc- 
tional "boost," the program introduces an instructional component 
("Strategies for Math Success," "Stra^'^gies for Writing Success," and 
so on), which will provide newly admitted studcr is with an opportu- 
nity to learn the strategies that promote success in an academic set- 
ting. In this way, the program provides pre-freshmen with an orien- 
tation to college life, focusing on the importance of basic skills 
acquisition. The "strategies" sessions are designed to give cntry-Ievcl 
students a head start learning those dasfoom behaviors that lead 
to increased academic motivation and success in a basic skills setting. 

The LiGuardia Basic Skills Program. LaGuardia Communit\ College, 
\Vu York. Arthur Grcenberg^. To meet the diversified and profound 
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needs of their students, LaGuardia Community College designed a 
multi-tiered, multifaceted approach to basic skills development in the 
areas of reading, writing, mathematics, and English as a Second L* - 
guage (ESL). 

There are four levels of classes in reading *md EsSL, and the 
mathematics program is comprised of two levels. Students are placed 
in the appropriate level based on the results of the Freshman Skills 
Assessment Program. The basic skills program takes many approaches 
in attemptitig to address student needs. In addition to the conven- 
tional approach of teacher-led instruction, students can take advan- 
tage of tutors, tutor-counselors, computer-aided instruction, sequenced 
courses, combinations of paired skills and subject content courses, and 
**Express" courses, which, through intensive and innovative use of 
computers and special LaGuardia-designed courseware, permit students 
to dramatically improve their skills in a very short time. 

The English 099 Express Course, for example, meets for one week, 
from 9 a.m. to 5 p.m. (40 hours) and creates an environment in which 
students are immersed in the learning and practice of standard writ- 
ten English. 

Analytical Reasoning, Skills Project. Florida Community College at Jack- 
som ille. M, Carolyn Girardeau. Funded by the Program for Excellence 
in Mathematics^ Science, and Computer Education, Florida Department 
of Education and Florida Community College at Jacksonville. In fall 1986, 
five full-time professors representing chemistry, microbiology, phys- 
ics, college preparatory mathematics, and college algebra participated 
in a faculty development and instructional research project. Participants 
selected demonstrated the ability to conduct classroom research and 
a willingness to modify instructional materials and delivery systems 
while maintaining established course standards. Grant funds provided 
faculty released time, in-service workshop consultants, short-course 
training, attendance at professional meetings, and a four-week sum- 
mer student assistant training program. 

Project design included 

• Review and synthesis of current literature concerning recent find- 
ings related to memory and learning research 

• Assessment of innovations (process and products) developed by 
the Science Education Research Group of X^ivier University, 
Louisiana 

• Learning to Learn Thinking Improvement System training for 
three instructors at Syracuse University, New York 

The four-week summer pik)t program was extremely successful. 
eContent and instructional delivery incorporated the philosophies and 
strategies of the SOAR and LTL models. Pre- and post-test results 
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on the WASI documented that Black males achieved the greatest per- 
centage of improvement in problem solving and comprehension as 
compared to other participants. 

Scholars in Residence-A Faculty-Directed Mathematics and Science Edu- 
cation Articulation Model Florida Community College at jacksonviiie. 
M. Carolyn Girardeau, Funded by Florida Community College at Jack- 
sonville and Title U-Education for Economic Security, The Scholars in 
Residence Program provided curriculum development on :he Learn- 
ing to Learn Thinking Improvement System for a core of middle school 
faculty. The Learning to Learn system is designed to provide students 
with a set of analytical thinking skills that result in significant long- 
term improvements in grade point average, retention, and overall aca- 
demic achievement. Learning to Learn was introduced at Florida Com- 
munity College at Jacksonville in 1987 as a student success project. 

The middle school faculty of Ribaull Junior High School were 
provided in-service training on using the Learning to Learn skills of 
notetaking, task management, reading books, '^roblem solving, infor- 
mation mapping, paragraph writing, and integrative learning. Teachers 
were given curriculum assistance for a six-month period while they 
de\ 'loped and implemented ways to introduce the Learning to Learn 
skills to ughth- and ninth-grade students in English, mathematics, 
social studies, and science clas.H\s. 

The Scholars in Residence Program proved to be an effective faculty- 
led articulation model with excellent potential as a middle school or 
high school learning-teaching strategy. 

Collegiate Science Technology Entry Program (C^STEP), iohn M. Mont^ 
gomery. Funded by the New York State Education Department, The Col- 
legiate Science and Technology Entry Program is designed to increase 
the enrollment and retention of economically disadvantaged or minority 
students historically underrepresented in programs that lead to profes- 
sional licensure and to employment in scientific, technical, and health- 
related fields. 

The program, in place at two-year and four-year colleges throughout 
New York, supports screening, testing, counseling, tutoring, and teach- 
ing of students in curricula that lead to professional licensure or a 
career in the health, science, or technical areas. A staff of education- 
al specialists is available to assist students in nursing, computer science, 
mathematics, English, and biology, and a host of other services are 
available to the students. 

The Minority Biomedical Research Support (MBRS). This program is 
housed at the National Institutes of Health. Its goal is to address the 
underrcpresentation of ethnic minorities in biomedical research and 
to increase the pool of minority biomedical scientists through student 
development and participation in research at underdeveloped minori- 
ty institutions. The MBRS program has grown from 38 institutions, 
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282 undergraduate students, 44 graduate students, and 199 faculty 
positions in 1972 to 1,095 students, 407 graduate students, and 772 
faculty supported at 87 institutions in 1988. Since its beginning, 21,017 
students have participated. 

The program supplies equipment to start research and awards in- 
centives for faculty to do research, including released time and sum- 
mer salaries. For students, the program providt-s stipends to work with 
faculty on research projects on and off campus. An MBRS network 
extends from the community college to graduates and medical schools. 

The i^ational Action Council for Mmontics in Engineering (NACMEj. 
The KACME program allows high school students who have an in- 
terest in science, engineering, and the technologies to participate in 
summer work-study educational programs. After science and mathemat- 
ics skills are developed, students are introduced to engineering by 
NACME volunteers who are engineers. NACME stipends are awarded 
to students upon high school graduation, upon enrollment at a com- 
munity college, and upon transfer to engineering schools. 

The Community College Summer Research Program. Occidental Collegey 
California, The Community College Summer Research Program brings 
students, mostly minorities, to Occidental College for an opportunity 
to work with top faculty members a.s well as undergraduate and graduat*^ 
students in chemistry, biology, and geology. Students are encouraged 
to participate in research and to continue their studies at a four-year 
institution. Of the 30 community college students who have partici- 
pated so far, all havr completed their degrees either at Occidental 
or at other four-year schools. Some arc now pursuing graduate work. 

Ventures in Sciences: A Cohboratii'e Approach to Encourag}ng Mathematics 
and Sciaices Careers Among Limited English Proficient and Other Minority 
Populations, Ruth Biegos-Sasscer. Tmman College, Illinois, The purpose 
of this project is threefold: to identify and recognize the undiscovered 
academic potential of minority students in the public schools who 
are viewed as average; to encourage them to pursue careers in science, 
mathematics, and engineering, particularly as teachers; and to pro- 
vide them with the kind of long-term, comprehensive, coordinated 
support that will motivate them to stay in school, enter college, and 
ultimately establish careers m those disciplines. The program will ex- 
hibit an uncommon focus on the special needs of students with limit- 
ed English proficiency through establishment of a bilingual track. 

During the spring of 1991. following a six- or seven-month plan- 
ning period, 160 students, 60 with limited English proficiency, will 
be identified for participation in the project. The first recruitment 
effort will identify students from each high school level; that is, stu- 
dents from the ninth through tw^elfth grades will be represented. Fol- 
lowing the initial year, however, students will be identified in the 
eighth grade as freshmen and each group will advance a year, with 
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a new group of participants entering as freshmen every year thereafter. 
Once in the program, participants will remain there throughout their 
high school careers. Attrition will be handled by choosing new par- 
ticipants at the level from which a given student withdrew. 

One distinguishing feature of the project is its two-track design- 
one track for minority students in general, and the second for Hispanic 
students with limited Erglish proficiency. The second track will be 
taught primarily in Spanish, with an ESL component, for the first 
two years. In the third year, English will be gradually increased, and 
by the fourth year the two tracks will merge. 

Academy for Mathematics and Science Teachers m Chicago. Gordon Bern; 
Illinois Institute of Technology. The Academy will begin improving the 
quality of mathematics and science teaching using programs during 
the school year and summers, evenings, and weekends. Programs for 
both current teachers and new teachers will be offered. 

The scale of this ambitious project is measured by the need to 
serve over 15,000 teachers and 410,000 inner<ity children. The Chicago 
Academy pn oosal addresses a constituency that is 88 percent minori- 
ty, ti-e group most underrepresented in the technological work force, 
from the technician to the Ph.D. scientist. 

The mandate of the Academy is to improve the quality of 
mathematics and science instruction offered to all students. The Acade- 
my will be the contact point for Argonne National Laboratory and 
Fermi National Accelerator Laboratory (Fermilab) area universities 
and colleges, private sector experts in management and research, and 
museums to join the effort to assist and support CPS educators. The 
initial Academy programs will be drawn from those activities that 
are aiready well established in the Chicago area and that emphasize 
integrated mathematics and science skills and use a hands-on mode 
of learning and teaching. 

Conclusion 

This brief review of curriculum innovation in mathematics and 
.science education and exemplary mathematics and science programs 
involving the community college has attempted to describe the mag- 
nitude of the tasks ahead for the classroom teacher. In recent years 
the literature records a healthy growth in creative concepts and seri- 
ous research. The institutional challenge, however, is great. Commu- 
nity colleges pride themselves on teaching excellence and have moved 
reluctantly to support research activities that assess student outcomes. 
The challenge for the '90s will be to examine existing clas.sroom prac- 
tices, to implement the process that will bring innovative knowledge 
to the attention of the classroom teacher, and to provide the institu- 
tional support that will encourage the adoption of new and more ef- 
fective instructional strategies. 
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